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Acronyms
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ABSG ABS Group
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ANSI American National Standard Institute
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BSEE Bureau of Safety and Environmental Enforcement

BSH Bundesamt fur Seeschifffahrt und Hydrographie (Federal Maritime and Hydrographic
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BSI The British Standards Institution

BWE German Wind Energy Association

BWEA British Wind Energy Association

CalWEA California Wind Energy Association

CanWEA Canadian Wind Energy Association
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CDM Construction Design and Management (UK)
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OWF Offshore Wind Farm

O&M Operation and Maintenance

PAL Powered Access License

PD Partial Discharge

PPE Personal Protective Equipment

PSSR Pressure Systems Safety Regulations (UK)
PST Product Sample Test

PTW Permit to Work

PUWER Provision and Use of Work Equipment Regulations 1998 (UK)
RAMS Risk Assessment Method Statements
RAT Rope Access Technique

RBI Risk-Based Inspection

RIDDOR Reporting of Injuries, Diseases and Dangerous Occurrences Regulations
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RP Recommended Practice
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Executive Summary

This report is a survey of inspection regulations, standards and practices for the offshore wind industry.
The wind power industry is a particularly higher risk industry in onshore locations, and the risks are only
higher when you shift to an offshore environment.

The offshore wind power industry is at an early stage here in the US. The first projects are set to put
their first ‘Steel in the Water’ later this year. While the future of offshore wind is uncertain due to
economic and other external forces, the potential is quite high from a resource and demand
perspective. There is a great deal of strong wind resources very close to high demand centers on both
coasts. As costs come down, and if the economic factors surrounding wind power improve, offshore
wind energy could become a major source of energy for the US in the future.

The UK is in a unique position to serve as an example in many areas to aide in the scope of this report.
They have an active, ongoing and robust presence in the offshore wind industry. They also have a very
strong regulatory environment which is similar to the US’s regulatory environment. Therefore, in this
report there is a greater focus on the UK as the prime example of BAST for inspections, evaluations and
audits practice.

Please note that the recommendations are placed at the front of this report with the deeper analysis
further on. Section two is a review of current regulations and standards relevant to offshore wind power
in general and inspection in particular. Section three covers the various health, safety and
environmental issues facing the offshore wind industry. Section four covers the approaches BSEE should
undertake towards inspection of OWF.

BSEE is poised to shepherd and steward this expansion and growth in energy in a safe and efficient
manner. The information and recommendations provided in this report should assist BSEE to achieve
this goal.
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Introduction

Since the first United States (U.S.) Offshore Wind Farm (OWF) project, “Cape Wind,” received federal,
state, and local permitting and approval in 2009, other developers have started to go through the
approval process to install OWFs in the East Coast, Gulf of Mexico, and Great Lakes in the U.S. Following
those developments in the offshore wind energy sector, the Bureau of Safety and Environmental
Enforcement (BSEE) decided to engage the ABS Group (ABSG) to review Outer Continental Shelf (OCS)
wind farm inspection procedures based on current domestic and international OWF and Onshore Wind
Farm (ONWF) regulations, standards, and inspection practices in countries where OWF and ONWF have
been long in operation. The countries that are included in this study are the United Kingdom (UK),
Germany and Denmark for both OWF and ONWF inspection practices and the U.S., Canada, Japan,
Bulgaria, Switzerland, Italy and China for onshore wind farms inspection practices. Those countries are
the current leaders in regulatory oversight of offshore and onshore wind operations. In this study,
relevant European Union (EU) regulations and international standards are also reviewed.

With the amendments in the Outer Continental Shelf Lands Act (OCSLA) in 2005, the Department of the
Interior (DOI) was granted with the authority to regulate offshore renewable energy activities, in
addition to offshore oil and gas activities. As stated in OCSLA, it is the policy of the U.S. that, “operations
in the Outer Continental Shelf should be conducted in a safe manner by well-trained personnel using
technology, precautions, and techniques sufficient to prevent or minimize the likelihood of blowouts, loss
of well control, fires, spillage, physical obstruction to other users of the waters or subsoil and seabed, or
other occurrences which may cause damage to the environment or to property, or endanger life or
health.” Based on this policy, DOl has the same responsibility to ensure the safe and prudent
development of OCS wind energy resources. Consequently, BSEE will exercise the same authority,
granted to it by the Secretary of the Interior, to ensure safe and environmentally sound operations of
OWEFs, as it has for offshore oil and gas exploration, development, and production operations. Based on
this information, ABSG conducted this study and documented relevant OWF and ONWF inspection,
audit and evaluation practices in countries where wind farm development experience is advanced.

It is stated in the Special Report 305, Structural Integrity of Offshore Wind Turbines® that, “risks to
human life from the structural failure of offshore wind installations is limited in comparison to risks from
other offshore facilities, such as oil and gas platforms and marine vessels, as offshore wind turbines are
normally unmanned posing limited risk to human life.” The report goes on to state that, “the most
dangerous element in offshore wind farm activities involves the transfer of personnel to wind turbines for
installation, commissioning and inspection/maintenance by boat or helicopter.” While those statements
are correct, it is also important to remember that the advancement in wind energy technology have
enabled developers to go into deeper waters with higher megawatt (MW) wind turbines mostly
accompanied by Offshore Substation Platforms (OSP). In addition, novel foundation designs, floating
Wind Turbine Generator (WTG) designs and utilization of more than one export cable in new generation

! Special Report 305, Structural Integrity of Offshore Wind Turbines, page 63, Transportation Research Board of National
Academies, Washington, D.C., 2011
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OWF projects have introduced new occupational safety and environmental risks in practices involving
transportation, installation, commissioning of offshore foundations, WTGs, OSPs, array cables and
export cables and successive OWF operations and maintenance practices. As addressed in this study,
while the most of occupational safety risks stem from transportation and installation activities of OWF
components including subsea cables and OSPs, the main environmental risks of those activities are
posed by vessels, installation of monopile (MP) foundations and poor maintenance practices offshore.
Relevant chapters will address relevant inspection regulations specifically written to mitigate the
environmental risks such as fuel leak from a transportation or service vessel, release of transmission
fluid or other hydrocarbon-based liquids from the wind farm structures, noise emitted by pile- driving
when installing MP foundations, disturbance to sea mammals during the installation of OWF
components, threat to bird life (particularly during migration periods) and bats, and breach of consent
requirements.

Because the environmental and occupational safety risks of OWF facilities are deemed to be relatively
low, the Special Report 305 questions the form and extent of government regulation in this field.
Report goes onto suggest that if there are smaller safety and environmental risks associated with
structural failure of an OWF, then a natural question to ask is whether the financial and insurance risk
assumed by the developer is sufficient for regulating the industry. Although there is much truth about
what is said in that report about the environmental risks posed by OWFs, the same cannot be said for
the occupational safety, as there are significant number of accidents and fatalities both in OWF and
ONWF construction and operations phases. For that reason, there is no question about the needs to
regulate the OWF and ONWF design, construction and operation practices to ensure safe operations for
people, property and the environment.

Both OWF and ONWFs require competent engineers, technicians and other subject experts to carry out
their respective activities safely throughout the full life-cycle of wind farm assets covering design,
construction, operation, and decommissioning phases. The key word is the competency; as each person
working on wind farm projects, whether at design phase or operation phase, should have the requisite
safety training with an objective of ensuring safety for people and the environment in order to become
competent in the field of safety. In other words, a competent person is someone who has sufficient
training and experience or knowledge and other qualities that allow them to assist the wind farm owner
or operator properly. The level of competence required will depend on the complexity of the situation
and the associated risks. It should be noted that the qualifications and duties of a “competent person”
can vary by jurisdiction.

As stated in the Special Report 310 — Worker Health and Safety on Offshore Wind Farms,? although the
Federal Government has regulated the production of offshore oil and gas for decades, it has no

? Special Report 305, Structural Integrity of Offshore Wind Turbines, page 65, Transportation Research Board of National
Academies, Washington, D.C., 2011

* Special Report 310 - Worker Health and Safety on Offshore Wind Farms , page 2, Transportation Research Board of National
Academies, Washington, D.C., 2013
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experience with OWFs. According to this report, “Onshore and offshore wind farm developments share
many of the same tasks and risks; however, the challenge of working on and from vessels and in and
over the water with massive offshore wind turbine equipment introduces additional hazards and
different risks. The oil and gas and wind industries share most of these offshore hazards, but overall, the
risk associated with oil and gas hazards is greater than that associated with offshore wind. In this
context, workplace ‘risk’ is viewed as the product of the probability and the consequence of a hazardous
event. The oil and gas industry works with a more volatile product, so the risk of explosion or fire on
offshore platforms is greater than on offshore wind turbines.” This statement is certainly valid in a
general sense. However, for some activities during the transportation and construction phases of wind
farm development, the associated risks can be very high. This is particularly true for deployment and
installation of OWF components, such as foundations, WTGs and OSPs.

This study reviewed relevant safety regulations of various countries which led the OWF and ONWF
development over the last two decades, EU regulations and international standards in order to identify
and prioritize OCS wind farm inspection procedures. The recommendations that flow from the report
has been gathered and summarized in the first section. All relevant state, national, international
regulations and standards associated with OWF/ONWF and wind turbine inspections/audits/evaluations
are reported in the second section. The major safety and environmental concerns for the operation of
OWFs are examined in order to identify the critical structures and components that should be subject to
inspections. These are listed in the third section. A list of possible approaches to OWF regulations and
inspections was constructed that describe different roles which BSEE could fulfill based on the
assessment of the wind energy regulatory landscape performed in the second and third section. There
are extensive appendices which background information. Some of these appendices are lists of relevant
codes, regulations and standards from various countries that are reviewed in the second section.

1. Recommendations

1.1.Phases of WTG lifecycle
During different times in the lifecycle of the OWF, there will be different priorities, levels of activities,
goals, and associated risks. So before going any further, it is prudent to discuss these phases of the life
cycle.

1.1.1. Design and component manufacturing

The design phase will have little direct safety and environmental risks associated with. Oversight of this
stage is primarily focused on verifying that all parties are utilizing good design and standards in the
design of the turbine, components and the project site itself. These activities are carefully monitored by
both the type certification and project certification process. It is recommended that BSEE review all
official materials from the type and project certification process.

The exception to the above statement would relate to any activity on the project site in the process of
collecting data during the early project design phase. This would include activities such as metocean
data gathering, core sampling, sea floor mapping, etc. This is especially true if a permanent met-mast is
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installed as part of the data gathering for the design phase. A permanent met-mast will be much like a

mini OWF process nested within and early on in the bigger OWF process.

The documents which describe the installation, commissioning and O&M procedure should be reviewed
by BSEE at this stage. These plans should include safety procedures and valid training certificate
requirements for all activities.

1.1.2. Transportation

It is recommended for BSEE to require inspections on WTG component transportation to reduce risk of
incidents and accidents. The transportation inspections should be carried out by competent third party
inspectors at random to ensure that all wind farm onshore transportation activities involving selection
of correct transportation tools such as saddles for tower transportation etc., lifting, loading, unloading
are done correctly to prevent accidents in the process. These inspections are required of the CVA
process, so it is further recommended that review of the reports generated by the CVA be sufficient to
satisfy this requirement.

1.1.3. Installation and commissioning

It is recommended that BSEE verifies that OWF owners have assigned a third party CVA to carry out
inspection of installation procedures covering foundation, transition piece, WTG components, subsea
cables, OSP foundation and topside. The inspectors should check the installation procedures, which
must be prepared by a construction team based on WTG and site specific conditions; each installation
activity should be risk assessed and all installation risk should be reduced as low as reasonably
practicable. Any reports that are generated shall be forwarded directly to BSEE without any editing or
redacting by any party. It is prudent that BSEE reserves the right to evaluate and audit the process to
verify that the inspections are being conducted in a correct and timely manner and without hindrance or
delay from either party.

It is further recommended that BSEE requires OWF owners to also assign a third party CVA to carry out
inspections on OWF and related onshore construction activities to ensure that the each activity is
properly planned and risk assessed, all risk mitigation plans are carried out, correct safety procedures
are put in place and implemented consistently throughout the construction phase of an OWF and
ONWEF. This work shall include WTG component assembly onshore and offshore, diving operations, sea-
fastening and rotor blade installation as well as installation of Met-Masts, OSPs and subsea cables to
ensure safe practices throughout the construction phase.

1.1.4. Operations and Maintenance
It is required by federal regulation that owner/operators have an annual inspection as part of the
regular operation and maintenance process. The owner/operator shall have an O&M plan which has
been reviewed and certified during the project design phase. As stated earlier, that plan shall include
safety procedures and valid training certificate requirements for all O&M activities. It is recommend that
BSEE require from the owner/operators a written report be generated which records the certificates of
the workers/inspectors, description of the work done and any relevant incidents or anomalies. These
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records should be kept and available for auditing by BSEE or a designated third party inspector for the
life of the project.

It is recommended that BSEE require owner/operators to have continuous inspections applied annually
to a minimum of 20% of the Offshore Wind Substructure installations in the OWF combined with a
condition monitoring program where in minimum 10% of the offshore wind turbines are equipped with
suitable CMS.

1.1.5. Life extension and repowering
It is very possible that the OWF could see either a life extension or repowering stage before
decommissioning. Life extension entails keeping the major components and performing the necessary
overhaul to squeeze more years of service from the OWF. Repowering entails replacing major
components of the OWF, such as the Rotor Nacelle Assembly, while keeping (with overhaul) the balance
of plant.

It is recommended that BSEE account for the possibility of life extension and repowering. BSEE should
consider reviewing the relevant data and reports used to make the decision to repower or extend the
life of the project. This will be especially true if a CVA is not active in the process. The phase can be
thought of containing all of the other phases of life compressed into one. For there will be design
aspects in which the current state of the OWF is evaluated. Certain portions of the OWF will be subject
to replacement, and those parts go through a decommissioning process. And then the replacement
components are shipped, prepared, installed and commissioned.

1.1.6. Decommissioning

In section 3.17, decommissioning is covered in further detail. It is recommended that BSEE require from
owner/operators a preliminary decommissioning plan set forth during the project design phase. The
decommissioning plan should be reviewed by BSEE with relevant authorities for approval.
Decommissioning operations should be supervised by a BSEE or an approved third party, and if
necessary BSEE should initiate inspections to ensure that disassembly of all OWF components are
carried out in accordance with approved code of practices and that dismantled pieces are recycled or
disposed in accordance with applicable regulations.

1.2.Worker Safety

1.2.1. Safety Management System
BSEE must inspect the safety management system as per as required in § 585.810. Periodic inspections
should be carried out to assess the validity and adequacy of the safety management system including
safety organization, safety procedures, communication of safety plan and procedures to wind farm
construction team or O&M team or contractor. Safety inspections should include the review of work
instructions, RAMS, safety training records, medical fitness records and competency records. Refer to
section 3.8 for further detail.
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It is recommended that BSEE review the Global Wind Organization - Basic Safety Training — Standard*
(reference section 4.7.13) as an example of worker training standards for the safety management
system.

1.2.2. WTG Access
Offshore Transportation and Boat Landing: Periodic inspections/audits need to be carried out to ensure
that transportation method and boat landing procedure are adequate for the OWF site conditions and
those they are implemented correctly. The following four different WTG accesses can be used taking
into consideration that access is not always possible because of offshore weather conditions: (a) direct
landing by use of vessel, (b) boat landing with motion compensation, (c) crane hoist and (d) helicopter
(more suitable for OSPs rather than WTGs). Refer to section 4.7.9 for further details.

1.2.3. PPE and Fall Protection
Safety equipment must be inspected after it has been installed, and before being put into use for other
activities later in the construction or subsequent phases of OWF and ONWFs. PPE must be regular
inspected by the users and the operator/owner of the wind farm regularly to ensure that PPE is fit for
purpose and also used properly. The relevant PPE procedures such as “buddy checks” of each other’s
PPE prior to commencement of a task can help to fulfil this duty should also be reviewed for their
validity and accuracy. Refer to sections 2.1.3-5, 3.6.5, 3.8 and 4.7.7 for further detail.

1.2.4. Walkways, Ladders, Lifts
Ladders: Internal and external ladders must be inspected in regular intervals by competent person or
third party inspectors. The inspection should focus on the ladder’s structural integrity and the surface
upon which a ladder rests; the surface should be stable, firm, of sufficient strength and of suitable
composition to support the ladder safely, so that its rungs or steps remain horizontal with any loading
intended to be placed on it. Refer to section 2.1.5 for the UK requirements.

Lifting Equipment and Tools: Statutory inspections need to be carried out for lifting equipment and tools
in accordance with the regulatory requirements. Inspections should focus on adequateness and
accuracy of the lifting work procedure (safe working procedures must be drawn up for each lift
installation), risk assessment, which must be made to identify hazards associated with work on each lift
installation, previous lifting activity records and training certificates of personnel who use lifting
equipment. Refer to section 2.1.1.1 for the UK requirements.

1.2.5. Confined Space

Inside the rotor blade and the area below the airtight deck of offshore wind turbine foundation are
classified as confined space. As the confined space can be deadly, it is recommended that BSEE require

* Global Wind Organization Standard — Basic Safety Training (BST) (Onshore/Offshore) , 2014

http://www.windpower.org/download/2277/GWO BST Standard Version 6%2C 12 March%2C 2014.pdf
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that the wind farm owners and operators are following hierarchy of controls prior to commencing
inspections and maintenance practices below the airtight deck of an OWTG foundation and in a rotor
blade of a WTG:

a. Assess whether inspection can be done in another way to avoid entry into confined space
b. If entry to a confined space is unavoidable, follow a safe system of work
¢. Only allow working in confined space for people
i. With valid confined space training certificate
ii. With adequate PPE
iii. Whois fit to carry out work in a confined space

d. For rotor blade inspections, only allow inspections if the rotor blade diameter is larger than
550 mm.

e. Carry out risk assessment method statements and put in place adequate emergency
arrangements before the work starts

f. The main danger is untested atmosphere which may be oxygen deficient or contain
atmospheric contaminants; if that is the case ventilate the confined space by opening the
hatch in advance of inspections and use respiratory protective equipment.

Therefore it is recommended that BSEE or their designated third party inspectors to use random
inspections and audits to verify whether the wind farms operators are following the procedure outlined
above prior to commencement of any works in a confined space within a wind farm.

1.2.6. Competent Person Concept in the UK

In the UK, they have a concept of Competent Person which is hired by the OWF owner/operators and
manages HSE activities for the company. The view of the UK HSE is that the decision on “competency”
should lie with the companies hiring their own HSE specialists or assigning third parties to carry out HSE
inspections, audits, reviews, etc. It is recommended that BSEE review “Benchmarking the Competent
Person in Manufacturing and Engineering Sectors” issued by the UK HSE, before deciding whether to
adopt the same approach or to be prescriptive in this area

1.2.7. Electrical Hazards

Electrical hazards are a major source of severe accidents in the wind industry. Many of these accidents
have been due to insufficient training of workers on working with high power electrical devices. Refer to
section 4.7.14 for suggested training protocols which should be incorporated into worker training
requirements.

1.2.8. Diving

It is recommended that BSEE require all OWF owners/operators to prepare Risk Assessment Method
Statements (RAMS) prior to any maintenance or inspections works, which need to be carried out by
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divers. The RAMS must adequately address all risks inherent in relevant subsea maintenance and
inspection activities and all risk mitigation plans must be put in place well in advance. RAMS must be
prepared and peer-reviewed by competent people.

1.3.Structural
It is recommended that BSEE consider having OWF owners implement structural integrity monitoring
systems to be utilized for cost effective and proactive monitoring particularly for the structural integrity
of tower, TP and the foundation. Also, condition monitoring of the major rotary components should be
included in this scenario. These monitoring techniques may be novel but they should be considered as
oppose to traditional inspection techniques due to their ease of access and increasing sophistication of
these tools. Refer to section 3.14 for further detail on this subject.

While the subsea structural components do not need the same frequency of inspections as those above
water, they do need occasional inspections to monitor structural health, bioaccumulation, corrosion and
scour protection on the foundation. Refer to section 2.10 for further detail on this subject. It is
recommended that BSEE consider ROV systems as an alternative solution for these occasional visual
inspections of subsea components. It should be remembered that underwater inspections carried out by
divers present major safety risks, hence utilizing such CM and ROV systems for the foundations and
transition pieces will eliminate the safety risks involved in diving practices.

It is further recommended that BSEE to ensure that all relevant technical inspections and document
reviews of maintenance practices on mechanical and structural components are carried out whether by
wind farm operators or by third party inspection companies.

1.4.Environmental Inspections
It is recommended that BSEE ensure that the following inspections, audits or evaluations are carried out
during installation and commissioning phases of OWF, OSP and Met-Mast in order to prevent damage to
the environment. It is further recommended that BSEE or an approved third party inspect the
maintenance procedure and practices in accordance with the turbine manufacturer’s O & M plan to
ensure that the owner/operator is taking all possible precautions to minimize the environmental risks.

1.4.1. Pile Driving
It is recommended that BSEE or an approved third party inspector monitor activities to ensure that pile
driving activities are carried out in accordance with consent requirements. The underwater sound
pressure caused by pile-driving may be harmful to fish and marine mammals during the OWF foundation
installations. Therefore, state and local regulatory agencies make demands on OWF developers
regarding environmental issues associated with pile-driving, and outline the relevant requirements
within the permit, which is issued following review of OWF environmental impact report.

1.4.2. Fire
It is recommended that BSEE or an approved third party inspect the drive train and electrical
components/cables, as well as the OSP, for possible fire hazards. They should look and record any wear
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or degradation that could leads to a fire. Lubricants, coolants and other debris scattered from the
burning nacelle present risks to environment and wild life.

1.4.3. Rotor Blades
It is recommended that BSEE to work with the state and local authorities to ensure that wind farms are
approved after adequate bird surveys carried out within environmental impact assessment (EIA).
Rotating rotor blades may cause bird deaths when WTGs are in operation. While there is not much to be
done to prevent such environmental impact of the WTGs in operational phase, there are possibilities to
reduce this environmental impact in the design stage of OWFs and ONWFs.”.

1.4.4. Water Pollution
It is recommended that BSEE require that maritime rules are strictly implemented by vessel
owners/operators during OWF installation and maintenance practices.

Incidents over the years showed that the soil contamination risk has a high probability of occurrence for
ONWEFs. Such incidents are caused by oil leak from nacelle or from installation and transportation
vessels during construction and maintenance practices or from maintenance vehicles, oil storage
tanks/containers at ONWF construction and maintenance facilities. Oil spill offshore can be prevented
by implementing proper maintenance practices.

1.5.Event/Accident incident

In sections 3.1 through 3.3, event and accident incidents are covered. These are unscheduled activities
which fall outside the normal schedule of OWF oversight.

It is recommended that BSEE require a robust accident reporting system that documents accidents and
near-miss events within offshore and onshore wind sector, as there is a genuine need for accident
records to be collected, monitored and assessed in the process of improving safety performance of the
wind energy industry. At minimum the data on following incidents that should be collected:

a. Fatal accident

Serious injury caused by accidents such as fall from heights, electrocution, transportation,
installation, boat landing

Vessel collision

Helicopter crash

Diving accidents

Near-miss event including near vessel collision, helicopter misses

Evacuation of personnel in response to non-weather-related events

S@m 0o

Release of hazardous chemicals to soil and ocean
Electrical failure incidents or lightning incidents resulting in fire

® Ruth Stevenson, BSc, MSc, PhD, Environmental Impact Assessment for Wind Farms, 2006, UK
http://gse.cat.org.uk/downloads/Environmental Impact Assessment Consenting Process Windfarms.pdf
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j. Incidents involving ice throw, rotor blade throw, structural failure resulting in collapse of WTG.

It is recommended that BSEE assign HSE auditors to audit OWF and ONWF owners and operators
periodically to monitor the accident reporting and near-miss event tracking practices.

1.6.Inspections Personnel

1.6.1. Inspector Training and/or Certification

It is recommended that BSEE require inspectors who need to work in a wind turbine to have at least the
following training before carrying out any inspections at wind farms:

a. Wind Turbine Climber Training
b. Confined Space Training
c. Ladder Safety Training
d. PPE Inspection Training
e. Onshore Basic Safety Training
f. Offshore Basic Safety Training (for OWFs)
g. Basic Offshore Safety Induction and Emergency Training (for OWFs)
h. Offshore First Aid Training
i. Risk Assessment Training
These are the same training requirements suggested for workers in OWF as stated earlier. This training

portfolio should apply whether it is direct BSEE inspector or a third party inspector.

1.6.2. Responsible parties
In section 4, the subject of whom should carry on the inspections is covered in more detail. There are
issues any of the options, and they vary with which phase the project is in. To summarize the
recommendations though, for owner/operator inspections are practical for routine O&M phase with a
flexible audit process administered either by BSEE and/or a third party. The timing of the audit
frequency would have to be determined, but with a repeat period of 5-7 years would be prudent.

Reliance on owner/operator inspection reports would only be prudent if BSEE where to stipulate and
communicate the punitive measures beforehand. Also, a clear and easy reporting format or digital
reporting format would be recommended to facilitate the process by all sides.

Outside of the O&M phases, the design, installation and commissioning phases are mandated to have a
CVA witnessing and certifying all critical functions. This includes insuring that the primary criteria which
is under BSEE’s scope is also checked. It is recommended that BSEE work with the CVA as their eyes and
ears on the project. It is further recommended that having a clear inspection format and process which
allows the materials of interest to be recorded, reported and transferred to BSEE.
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For the event/accident, repowering, life extension and decommissioning phases, it is important that the

processes and activities have a higher level of scrutiny and oversight. It is recommended that BSEE
either have third party inspectors, or work closely with a third party with has field experience in these
areas. This is due partly because of the novel nature of the event in general, and the unique challenges
which each event will likely present.

1.7.Inspection Process and Reporting

1.7.1. Inspection needs
Before an inspection even occurs, there should be certain materials available and tasks complete.

e Contact information of OWF representative

e Orientation to the WT and OWF

e Resolve PPE incompatibility issues

o Access to WT and OWF history

e Equipment check, including spare batteries for recording devices
e Relevant tools, measuring instruments and recording equipment
e Adequate ship to turbine radio communication and frequencies

1.7.2. Inspection Report Content
The inspection report would likely be tailored to the particular phase that the project is undergoing. A
one size fits all report would likely not benefit anyone. There should also be clear instructions available
to the inspector about how to inspect and record their finding. Generally, there will not be easy to
revisit the OWF to catch a mistake or lapse in the inspection process.

e Generic Inspection Report Instructions

e Inspector ID and associated training and certifications

e Time and location of the inspection

e Additional personnel on site

e Photo and video file storage methods

e Specific Inspection instructions of what to inspect for (trip specific)

(Ref section 3.13)

1.7.3. Data Format

It is recommended that BSEE utilize a digital device such as a smart tablet to log the report. Such a
device should have a set form and format to record observations, pictures, etc. Input to the form could
also be time stamped. | rugged identification application, such as a fingerprint check would also be
recommended. All these functions will ensure the veracity and trustworthiness of the data in the report
at the outset for efficient and accurate data capture with no loss in translation or transcription. This
would enforce the uniformity, efficiency, accuracy and speed of data logging and analysis.
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1.7.4. Data sharing/Analytic Reporting

BSEE is in a unique position in the industry to be mandated to collect data from all the various offshore
wind installations. And they are mandated to use this data to improve health and safety as well as lessen
the environmental impact. BSEE could take it a step further and work with either another government
organization or a third party to take the data stream and perform deeper analysis. This analysis could be
tasked more for reliability or other issues which will serve the industry as a whole. If this path is
selected, any proprietary or identifying data should be scrubbed from the data. It is recommended that
BSEE consider the option of using an outside body to do further analysis on the data they collect. Refer
to section 3.17 for further detail on this subject.

In addition, as stated in section 3.1, there is not a single body which collects and publishes accident data
for the wind industry. While it is outside the scope to handle this on a global scale, they could collect
and publish these statistics for the US market. This would help the industry as a whole to evolve their
HSE activities.

2. Examination of Regulation and Standards (Task 1)

This section examine all relevant state, national and international regulations and standards associated
with OWF/ONWF and wind turbine inspections/audits/evaluations. These regulations and standards
address all components of offshore wind energy generation over which BSEE may have inspection
authority, including WTGs, substructures, foundations, transmission cables, offshore and onshore
substations, and relevant onshore facilities. ABSG has reviewed all significant reports, standards,
academic publications, and other literature relating to OWF and ONWF inspection, audit, or certification
programs in this examination process. In this study, ABSG also performed a gap analysis in order to
identify systems or regulations BSEE would need to implement to achieve similar regulatory oversight in
the U.S.

In Europe, statutory inspection requirements vary between countries. While there are a number of
statutory inspection requirements in Germany and Denmark, fewer such requirements exist in the rest
of continental Europe and the UK.

2.1.UK Regulatory Requirements for Inspections, Audits & Evaluations
This section addresses what the regulations of domestic and international regulators say about offshore
and onshore wind inspections or audits or evaluations in the UK.

In the UK, the majority of Health and Safety Executive (HSE) practices are regulated under the Health
and Safety at Work Act 1974; the Health and Safety Commission and the Health and Safety Executive
were also established under this Act. The Health and Safety at Work Act and regulations made under it
impose on employers in the gas and electricity supply industries (as elsewhere) comprehensive duties
designed to secure the health and safety of their employees and all other persons who may be affected
by their work activities, including the general public. In 2013, the Health and Safety at Work Act 1974
(Application outside Great Britain) Order prescribed provisions of the 1974 Act to apply within the
territorial sea, a designated area or a gas importation and storage zone to and in relation to all offshore
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activities including installation and operation of OWFs, OSP and subsea cables. In the UK, however, the

&

statutory inspections are subject to other regulations.

In the UK, statutory inspections for the offshore and onshore wind turbines are required for the
equipment listed below under the Lifting Operations and Lifting Equipment Regulations 1998 (LOLER),®
the Pressure Systems Safety Regulations 2000 (PSSR),” The Provision and Use of Work Equipment
Regulations 1998 (PUWER),® The Work at Height Regulations 2005° and The Health and Safety at Work
Act 1974

a. Hydraulic Accumulators
b. Lifting Equipment
i Passenger/Service Lifts
ii. Lifting Points/Beams
iii. Electric Hoist Block/Tool hoist
iv. Manual/Hydraulic Jib Crane
V. Manual Chain Block
vi.  Safety Harness Anchorage Points
c. Fire Extinguishers/Fire Safety Equipment
d. Ladders/Runway track
e. Personal Protective Equipment (PPE)
i. Escape/Rescue Equipment
ii. Fall Arrest System
f.  First Aid Equipment

In the UK, PUWER require risks to people’s health and safety, from equipment that they use at work, to
be prevented or controlled. In addition to the requirements of PUWER, lifting equipment is also subject
to the requirements of LOLER. The Health and Safety at Work Act 1974 Regulation 65.(2).(b) demands,
“the inspection and maintenance of any services, fittings or equipment so provided”; and (c) demands,
“the making of reports to any prescribed authority on the condition of any services, fittings or equipment
so provided.”

® Lifting Operations and Lifting Equipment Regulations 1998 (LOLER), UK,
http://www.legislation.gov.uk/uksi/1998/2307/contents/made

" The Pressure Systems Safety Regulations (PSSR) 2000, UK, http://www.legislation.gov.uk/uksi/2000/128/pdfs/uksi 20000128 en.pdf

® The Provision and Use of Work Equipment Regulations (PUWER) 1998, UK
http://www.legislation.gov.uk/uksi/1998/2306/contents/made

° The Work at Height Regulations 2005, UK, http://www.legislation.gov.uk/uksi/2005/735/contents/made

' The Health and Safety at Work etc. Act 1974, http://www.legislation.gov.uk/ukpga/1974/37/contents
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2.1.1. Lifting Equipment and Hydraulic Accumulators

2.1.1.1.  Lifting Equipment
Under the LOLER regulations in the UK, semiannual inspections are required for lifting accessories and
equipment used to lift people, and annual inspections are required for all other lifting equipment. The
UK HSE requires those inspections to be carried out by accredited third party inspection companies.

Also in the UK, Merchant Shipping (Code of Safe Working Practices for Merchant Seamen) Regulations
1998™ Chapter 21.6 calls for thorough examination and inspections:

21.6.1 Where the safety of lifting equipment depends on the installation conditions, it should be
inspected by a competent person before it is used for the first time. Such inspections should be
undertaken on initial installation or after re-assembly at another location, to ensure that it has been
installed correctly, in accordance with any manufacturer’s instructions, and is safe for workers to
operate as well as being able to function safely.

21.6.2 Any lifting equipment or accessory for lifting which is, or has been, exposed to conditions which
could cause deterioration in its condition should be:

a. thoroughly examined
i. inthe case of lifting equipment for lifting persons or an accessory for
lifting, at least every 6 months;
ii. inthe case of other lifting equipment, at least every 12 months; or
iii. in either case, in accordance with an examination scheme; and
iv. whenever exceptional circumstances which are liable to jeopardize the
safety of the lifting equipment have occurred; and
b. where appropriate, inspected by a competent person at suitable intervals.

21.6.3 No accessories for lifting, other than those which are subject to paragraph 21.6.2(a), should be
used unless they have been thoroughly examined within the 12 months immediately prior to such use.

In the UK, Merchant Shipping and Fishing Vessels (Lifting Operations and Lifting Equipment) Regulations
2006, also demands inspections to be carried out for the lifting equipment used in vessels. Regulation 12
Thorough Examination and Inspection®? sets out the following requirements:

" The Merchant Shipping (Code of Safe Working Practices for Merchant Seamen) Regulations 1998, page 280, Maritime and
Coastguard Agency, the Department for Transport UK,
https://www.gov.uk/government/uploads/system/uploads/attachment data/file/282659/coswp2010.pdf

2 The Merchant Shipping and Fishing Vessels (Lifting Operations and Lifting Equipment) Regulations 2006, page 19, Maritime
and Coastguard Agency, the Department for Transport, UK,

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/282220/mgn332a.pdf
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(1) The employer shall ensure that, where the safety of lifting equipment depends on the installation
conditions, it is inspected by a competent person:

(a) afterinstallation and before being put into service for the first time; or

(b) after assembly at a new site or in a new location, to ensure that it has been installed
correctly, in accordance with any manufacturer’s instructions, and is both safe to
operate and capable of operating safely.

(2) Subject to paragraph (7), the employer shall ensure that where lifting equipment or an accessory for
lifting is exposed to conditions causing deterioration which is liable to result in dangerous situations, it
is:

(a) thoroughly examined
(i)in the case of lifting equipment for lifting persons or an accessory for
lifting, at least every 6 months;

(ii) in the case of other lifting equipment, at least every 12 months;
or

(iii) in either case, in accordance with an examination scheme; and

(iv) whenever exceptional circumstances which are liable to

jeopardize the safety of the lifting equipment have occurred; and
(b) if appropriate, inspected by a competent person at suitable intervals, to ensure that
health and safety conditions are maintained and that any deterioration can be detected
and remedied in good time.

(3) In paragraph (2)(a)(iii), “examination scheme” means a suitable scheme drawn up by a competent
person for such thorough examinations of lifting equipment at such intervals as may be appropriate for
the purposes described in paragraphs (1) and (2).

(4) In paragraph (2)(a)(iv), “exceptional circumstances” shall include modification work, accidents,
natural phenomena and prolonged periods of inactivity.

(5) The employer shall ensure that no lifting equipment:

(a) is used outside the ship; or

(b) if obtained from outside the ship, is used on the ship, unless it is accompanied by
physical evidence that the last thorough examination required to be carried out under
this regulation has been carried out.

(6) The employer shall not permit the use of any accessories for lifting, other than those which are
subject to paragraph (2)(a), unless they have been thoroughly examined within the 12 months
immediately prior to such use.

(7) Where lifting equipment was before the coming into force of these Regulations thoroughly examined
or required to be so examined in accordance with regulation 8 of the Merchant Shipping (Hatches and
Lifting Plant) Regulations 1988, the first thorough examination under paragraph (2) shall be made no
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later than the date by which a thorough examination would have been required, or next required, by
that regulation had it remained in force.

(8) In relation to an inspection under this regulation, “inspection”:

(a) means such visual or more rigorous inspection by a competent person as is appropriate
for the purpose described;

(b) where it is appropriate to carry out testing for the purpose, includes testing the nature
and extent of which are appropriate for the purpose.

(9) In paragraph (5) "used outside the ship" means both:

(a) used on the quayside, dock or jetty or on board another ship; and
(b) operated by workers who are employed by another person.

Regulations 14 and 15 of the Merchant Shipping and Fishing Vessels (Lifting Operations and Lifting
Equipment) Regulations 2006, UK make the following demands for reporting the inspection results:

(14) (4) A person making an inspection for an employer under paragraph (1) or (2)(b) of regulation 12
shall:

(a) notify the employer, or other person who has control of the matter, forthwith of any
deficiency in the lifting equipment which in his opinion is or could become a danger to
persons;

(b) as soon as is practicable make a record of the inspection in writing.

(15)(2) Notwithstanding the requirements of paragraph (1) the employer shall ensure that the
information contained in:

(a) every report made under regulation 14(2) or record made under regulation 14(4) is kept
available for inspection until the next such report is made
(b) every report made to him under regulation 14(2) is kept available for inspection:
(i) in the case of a thorough examination of lifting equipment until he
ceases to use the lifting equipment;

(ii) in the case of a thorough examination of an accessory for lifting
under regulation 12(6), for two years after the report is made;
(iii) in the case of a thorough examination under regulation 12(2), for

two years after receipt of that report, or until the next report is
made under that regulation, whichever is later;

 The Merchant Shipping and Fishing Vessels (Lifting Operations and Lifting Equipment) Regulations 2006, pages 22, 24,
Maritime and Coastguard Agency, the Department for Transport, UK

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/282220/mgn332a.pdf
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(c) every record made in respect of an inspection carried out under regulation 12(1) is kept

available for inspection until he ceases to use the lifting equipment at the place it was
installed or assembled.

Under the Duties Section™ of the Merchant Shipping and Fishing Vessels (Lifting Operations and Lifting
Equipment) Regulations 2006, it is required that, “The Offshore Installation Manager should be satisfied
with the inspection and testing of the personnel basket,” and that all Cranes and Personnel Baskets meet
the requirements outlined below:

All personnel baskets must possess a current thorough examination report undertaken by a competent
person in accordance with the UK LOLER Regulation 9.

(a) The safe working load (SWL) should be clearly marked on all personnel baskets, together
with instructions for their use.

(b) Procedures should include the methods of maintenance and storage together with
instructions related to inspection before use.

(c) 'Freefall' or non-powered lowering should not be adopted when personnel are carried in
baskets.

2.1.1.2.  Hydraulic Accumulators
Like the lifting inspections, the inspections of hydraulic accumulators of WTGs must be carried out by a
third party in accordance with the written scheme of examination, which must be prepared by a
competent person. It is the user’s responsibility under the PSSR to ensure the content of the written
scheme is reviewed at appropriate intervals by a competent person to determine whether it remains
suitable, but clearly the competent person should be in a position to give advice on this aspect.
According to Part Il, Clause 6 of the PSSR, “The employer of a person who installs a pressure system at
work shall ensure that nothing about the way in which it is installed gives rise to danger or otherwise
impairs the operation of any protective device or inspection facility.” In case of modification, the Part I,
Clause 13 states that, “The employer of a person who modifies or repairs a pressure system at work shall
ensure that nothing about the way in which it is modified or repaired gives rise to danger or otherwise
impairs the operation of any protective device or inspection facility.” With regards to the written scheme
of examination, the Part Il, Clause 8 of PSSR states that:

1. The user of an installed system and owner of a mobile system shall not operate the system or allow it
to be operated unless he has a written scheme for the periodic examination, by a competent person, of
the following parts of the system, that is to say:

a. all protective devices;
b. every pressure vessel and every pipeline in which (in either case) a defect may give rise
to danger; and

" The Merchant Shipping and Fishing Vessels (Lifting Operations and Lifting Equipment) Regulations 2006, page 33, Maritime
and Coastguard Agency, the Department for Transport, UK
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c. those parts of the pipework in which a defect may give rise to danger and such parts of
the system shall be identified in the scheme.

2. The said user or owner shall:

a. ensure that the scheme has been drawn up, or certified as being suitable, by a
competent person;
b. ensure that:

i the content of the scheme is reviewed at appropriate intervals by a competent
person for the purpose of determining whether it is suitable in current
conditions of use of the system; and

ii. the content of the scheme is modified in accordance with any recommendations
made by that competent person arising out of that review.

3. No person shall draw up or certify a scheme of examination under paragraph (2)(a) unless the scheme
is suitable and:

a. specifies the nature and frequency of examination;

b. specifies any measures necessary to prepare the pressure system for safe examination
other than those it would be reasonable to expect the user (in the case of an installed
system) or owner (in the case of a mobile system) to take without specialist advice; and

c¢. where appropriate, provides for an examination to be carried out before the pressure
system is used for the first time.

4. References in paragraphs (2) and (3) to the suitability of the scheme are references to its suitability
for the purposes of preventing danger from those parts of the pressure system included in the scheme.

Examination process for hydraulic accumulators of WTGs in accordance with the written scheme is
elaborated in the Part Il, Clause 9 of PSSR:

1. Subject to paragraph (7), the user of an installed system and the
owner of a mobile system shall:

a. ensure that those parts of the pressure system included in the scheme of examination
are examined by a competent person within the intervals specified in the scheme and,
where the scheme so provides, before the system is used for the first time; and

b. before each examination take all appropriate safety measures to prepare the system for
examination, including any such measures as are specified in the scheme of examination
pursuant to regulation 8(3)(b).

2. Where a competent person undertakes an examination for the purposes of paragraph (1) he shall
carry out that examination properly and in accordance with the scheme of examination.

3. Where a competent person has carried out an examination for the purposes of paragraph (1) he shall,
subject to paragraph (4) and regulation 14(4), make a written report of the examination, sign it or add
his name to it, date it and send it to the user (in the case of an installed system) or owner (in the case of
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a mobile system); and the said report shall be so sent as soon as is practicable after completing the
examination (or, in the case of integrated installed systems where the examination is part of a series, as
soon as is practicable after completing the last examination in that series), and in any event to arrive:

a. within 28 days of the completion of the examination (or, in the case of integrated
installed systems where the examination is part of a series, within 28 days of the
completion of the last examination in that series); or

b. before the date specified in the report under paragraph (5)(b), whichever is sooner.

4. Where the competent person referred to in paragraph (3) is the user (in the case of an installed
system) or owner (in the case of a mobile system) the requirement in that paragraph to send the report
to the user or owner shall not apply, but he shall make the report by the time it would have been
required to have been sent to him under that paragraph if he had not been the competent person.

(5) The report required by paragraph (3) shall:

a. state which parts of the pressure system have been examined, the condition of those
parts and the results of the examination;

b. specify any repairs or modifications to, or changes in the established safe operating
limits of, the parts examined which, in the opinion of the competent person, are
necessary to prevent danger or to ensure the continued effective working of the
protective devices, and specify the date by which any such repairs or modifications must
be completed or any such changes to the safe operating limits must be made;

c. specify the date within the limits set by the scheme of examination after which the
pressure system may not be operated without a further examination under the scheme
of examination; and

d. state whether in the opinion of the competent person the scheme of examination is
suitable (for the purpose of preventing danger from those parts of the pressure system
included in it) or should be modified and if the latter, state the reasons.

6. The user of an installed system and the owner of a mobile system which has been examined under
this regulation shall ensure that the system is not operated, and no person shall supply such a mobile
system for operation, after (in each case):

a. the date specified under paragraph (5)(b), unless the repairs or modifications specified
under that paragraph have been completed, and the changes in the established safe
operating limits so specified have been made; or

b. the date specified under paragraph (5)(c) (or, if that date has been postponed under
paragraph (7), the postponed date) unless a further examination has been carried out
under the scheme of examination.

7. The date specified in a report under paragraph (5)(c) may be postponed to a later date by agreement
in writing between the competent person who made the report and the user (in the case of an installed
system) or owner (in the case of a mobile system) if:
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a. such postponement does not give rise to danger;

b. only one such postponement is made for any one examination; and
such postponement is notified by the user or owner in writing to the enforcing authority
for the premises at which the pressure system is situated, before the date specified in
the report under paragraph (5)(c).

8. Where the competent person referred to in paragraph (7) is the user (in the case of an installed
system) or owner (in the case of a mobile system) the reference in that paragraph to an agreement in
writing shall not apply, but there shall be included in the notification under subparagraph (c) of that
paragraph a declaration that the postponement will not give rise to danger.

9. The owner of a mobile system shall ensure that the date specified under paragraph (5)(c) is legibly
and durably marked on the mobile system and that the mark is clearly visible.

In summary, the PSSR 2000, require users and owners of hydraulic accumulators to demonstrate
knowledge in the safe operating limits of pressure and temperature, demonstrate the systems are safe
under those conditions, ensure a suitable written scheme of examination is in place before the system is
operated and ensure the pressure system is actually examined in accordance with the written scheme of
examination. There are no compulsory inspection intervals in the UK; instead, a 48 to 60 month
inspection interval is recommended for gas-loaded hydraulic accumulators, but the actual frequency of
hydraulic accumulators inspections will vary in accordance with individual wind farms and maintenance
regimes.

2.1.2. Fire Extinguisher

British Standard (BS) EN 3-7:2004+A1:2007 Portable Fire Extinguishers ADR 8.1.4.4, para. 3% stipulate
that the fire extinguishers must be periodically inspected in accordance with BS EN:3 1996 Portable Fire
Extinguishers Standard in order to guarantee their functional safety in the UK. This rule applies to all
portable fire extinguishers, which are stationed in OWF and ONWFs in the UK.

2.1.3. Personal Protective Equipment

It is vital to ensure the PPE is maintained properly to prevent malfunction of any PPE during the
installation and maintenance of OWF and ONWF components.

The UK, PUWER, Part Il, Regulation 12, Protection against Specified Hazards'® demands that:

(1) Every employer shall take measures to ensure that the exposure of a person using work
equipment to any risk to his health or safety from any hazard specified in paragraph (3) is
either prevented, or, where that is not reasonably practicable, adequately controlled.

5 BS EN 3-7:2004+A1:2007 Portable Fire Extinguishers, BSI, 2007, UK

' provision and Use of Work Equipment Regulations (PUWER) 1998, UK
http://www.legislation.gov.uk/uksi/1998/2306/regulation/12/made
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(2) The measures required by paragraph (1) shall:

a. be measures other than the provision of personal protective equipment or of
information, instruction, training and supervision, so far as is reasonably practicable;
and

b. include, where appropriate, measures to minimize the effects of the hazard as well as
to reduce the likelihood of the hazard occurring.

(3) The hazards referred to in paragraph (1) are:
a. any article or substance falling or being ejected from work equipment;
b. rupture or disintegration of parts of work equipment;
c. work equipment catching fire or overheating;

d. the unintended or premature discharge of any article or of any gas, dust, liquid, vapor
or other substance which, in each case, is produced, used or stored in the work
equipment;

e. the unintended or premature explosion of the work equipment or any article or
substance produced, used or stored in it.

(4) For the purposes of this regulation “adequately” means adequately having regard only to the
nature of the hazard and the nature and degree of exposure to the risk

The UK, PUWER, Part IV, Regulation 33, Inspection of Guards and Protection Devices®’ stipulates that:

(1) Every employer shall ensure that a power press is not used after the setting, re-setting or
adjustment of its tools, save in trying out its tools or save in die proving, unless:

a. its every guard and protection device has been inspected and tested while in position on
the power press by a person appointed in writing by the employer who is:

i.competent; or

ii. undergoing training for that purpose and acting under the immediate supervision of a
competent person, and who has signed a certificate which complies with paragraph
(3); or

b. the guards and protection devices have not been altered or disturbed in the course of the
adjustment of its tools.

(2) Every employer shall ensure that a power press is not used after the expiration of the fourth
hour of a working period unless its every guard and protection device has been inspected and

Y The Provision and Use of Work Equipment Regulations (PUWER) 1998, UK

http://www.legislation.gov.uk/uksi/1998/2306/regulation/33/made
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tested while in position on the power press by a person appointed in writing by the employer

who is:
a. competent; or

b. undergoing training for that purpose and acting under the immediate supervision of a
competent person, and who has signed a certificate which complies with paragraph (3).

(3) A certificate referred to in this regulation shall:

a. contain sufficient particulars to identify every guard and protection device inspected and
tested and the power press on which it was positioned at the time of the inspection and
test;

b. state the date and time of the inspection and test; and
C. state that every guard and protection device on the power press is in position and
effective for its purpose.
2.1.4. Work Equipment
The UK, PUWER, Part I, Regulation 6, Inspection stipulates that:

(1) Every employer shall ensure that, where the safety of work equipment depends on the
installation conditions, it is inspected:

a. after installation and before being put into service for the first time; or

b. after assembly at a new site or in a new location, to ensure that it has been installed
correctly and is safe to operate.

(2) Every employer shall ensure that work equipment exposed to conditions causing deterioration
which is liable to result in dangerous situations is inspected:

a. atsuitable intervals; and

b. each time that exceptional circumstances which are liable to jeopardize the safety of the
work equipment have occurred, to ensure that health and safety conditions are
maintained and that any deterioration can be detected and remedied in good time.

(3) Every employer shall ensure that the result of an inspection made under this regulation is
recorded and kept until the next inspection under this regulation is recorded.

(4) Every employer shall ensure that no work equipment:
a. leaves his undertaking; or

b. if obtained from the undertaking of another person, is used in his undertaking, unless it
is accompanied by physical evidence that the last inspection required to be carried out
under this regulation has been carried out.
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The UK, PUWER, Regulation 5 Maintenance® requires all work equipment to be maintained properly

and leave the responsibility of the maintenance with employers:

(1) Every employer shall ensure that work equipment is maintained in an efficient state, in efficient
working order and in good repair.

(2) Every employer shall ensure that where any machinery has a maintenance log, the log is kept up to
date.

In the UK, Merchant Shipping and Fishing Vessels (Provision and Use of Work Equipment) Regulations
2006, Chapter 3" Inspection of Work Equipment demands regular inspections to be carried out. The
regulation makes the following demands:

3.1 Where the safety of work equipment depends on the manner in which it was installed it should
be inspected by a competent person after installation and before being brought into use and at regular
intervals thereafter.

3.2 It is strongly recommended that the maximum interval between inspections should be 5 years
for work equipment, or such shorter period as is recommended by the manufacturer. Further guidance
on inspections should be aligned with equipment manufacturers' recommendations.

33 A “competent person” should carry out all inspections.

Chapter 9 Records of Equipment of the same regulations also requires, “9.1 In service inspections are to
be carried out in accordance with these Regulations.” Chapter 10 Survey and Inspection by Maritime
Coastguard Agency (MCA) Surveyors also states that, “10.1 Work Equipment is subject to safety
inspection by MCA surveyors at any time.”

The Merchant Shipping and Fishing Vessels (Provision and Use of Work Equipment) Regulations 2006
also demands further inspections to be carried out on the vessels operating in the UK territorial waters.
They are listed within the Regulation 8°° below:

(1) The employer shall ensure that, where the safety of work equipment depends on the installation
conditions, it is inspected by a competent person:

a. after installation and before being put into service for the first time; or

® The Provision and Use of Work Equipment Regulations 1998, UK, http://www.legislation.gov.uk/uksi/1998/2306/regulation/5/made

¥ Merchant Shipping and Fishing Vessels (Provision and Use of Work Equipment) Regulations 2006, page 2, Maritime and
Coastguard Agency, the Department for Transport,
https://www.gov.uk/government/uploads/system/uploads/attachment data/file/282215/mgn331.pdf

* Merchant Shipping and Fishing Vessels (Provision and Use of Work Equipment) Regulations 2006, pages 11,12, Maritime and
Coastguard Agency, the Department for Transport
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b. after assembly at a new site or in a new location, to ensure that it has been installed

correctly, in accordance with any manufacturer’s instructions, and is both safe to operate
and capable of operating safely.

(2) The employer shall ensure that work equipment exposed to conditions causing deterioration which is
liable to result in dangerous situations is inspected by a competent person:

a. atsuitable intervals; and

b. each time that exceptional circumstances which are liable to jeopardize the safety of work
equipment have occurred, to ensure that health and safety conditions are maintained and
that any deterioration can be detected and remedied in good time.

(3) In sub-paragraph (2)(b), “exceptional circumstances ” shall include modification work, accidents,
natural phenomena and prolonged periods of inactivity.

(4) The employer shall ensure that the result of an inspection made under this regulation is recorded,
retained and readily available for inspection until the next inspection has been made and recorded.

(5) The employer shall ensure that no work equipment:

a. if obtained from on board the ship, is used outside the ship, or

b. if obtained from outside the ship, is used in the ship, unless it is accompanied by physical
evidence that the last inspection required to be carried out under this regulation has been
carried out.

(6) In paragraph (5) “used outside the ship” means both:

a. used anywhere outside the ship (including on board another ship); and
b. operated by workers who are employed by another person.

(7) This regulation does not apply to work equipment used for lifting loads, including persons.
(8) In relation to an inspection under this regulation, “inspection” —

a. means such visual or more rigorous inspection by a competent person as is appropriate for
the purpose described;

b. where it is appropriate to carry out testing for the purpose, includes testing the nature and
extent of which are appropriate for that purpose.

It is also stated in the guidance note on the Regulation 8 that:

1. Where the safety of work equipment depends on the installation conditions, it must be
inspected by a competent person after installation and before being put into service for the
first time, or after assembly at a new site or in a new location, to ensure that it has been
installed correctly and is safe to use. Such inspections should cover factors such as the
standard of welding or other fixing and materials used, and the strength of any part of the
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ship to which it is attached and which supports it. It is also recommended that such work

equipment is re-inspected at regular intervals, not exceeding 5 years or more frequently if
so recommended in the manufacturer’s inspection data, to ensure that no subsequent
deterioration in its installation has occurred. Any work equipment exposed to conditions
causing deterioration which is liable to result in dangerous situations must be inspected by a
competent person at suitable intervals and any necessary remedial action taken to ensure
its continuing safety.

2. The results of all inspections are to be recorded and all such records are to be retained,
readily available for inspection, until such time as a further inspection has been undertaken
and recorded.

3. Where any ship's work equipment is to be used outside the ship, or work equipment from
outside the ship is obtained for use on the ship, it must be accompanied by physical
evidence that the last inspection required to be carried out under these Regulations has
actually been carried out. In this context “used outside the ship” means both used on the
quayside, dock or jetty or on board another ship; and/or operated by workers who are
employed by another person.

4. Any work equipment used for lifting loads, including personnel, comes under the Merchant
Shipping and Fishing Vessels (Lifting Operations and Lifting Equipment) Regulations 2006,
which set out specific requirements for the "inspection", "testing" and "thorough
examination" of such lifting equipment.

5. Inthe context of this regulation “inspection” means the carrying out of such visual or more
rigorous inspection by a competent person as will meet the specific requirements of this
regulation. In addition, “inspection” may, where considered appropriate, include such
testing, the nature and extent of which are to be determined by the employer and/or
competent person, as is considered appropriate to meet the requirements of this regulation.

2.1.4.1. Inspections

In the UK, the Work at Height Regulations 2005 require the inspection of certain work equipment and of
places of work at height (regulations 12 and 13 and Schedule 7). According to Regulation 12 Inspection
of Work Equipment.*

(1) This regulation applies only to work equipment to which regulation 8 and Schedules 2 to 6
apply.?

' The Work at Height Regulations 2005, page 7, HSE, UK
? Reg.8. Requirements for particular work equipment: Every employer shall ensure that, in the case of:

(a) aguard-rail, toe-board, barrier or similar collective means of protection, Schedule 2 is complied
with;
(b) aworking platform:
i. Part 1 of Schedule 3 is complied with; and
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(2) Every employer shall ensure that, where the safety of work equipment depends on how it is

i

installed or assembled, it is not used after installation or assembly in any position unless it has
been inspected in that position.

(3) Every employer shall ensure that work equipment exposed to conditions causing deterioration
which is liable to result in dangerous situations is inspected:

a. atsuitable intervals; and

b. each time that exceptional circumstances which are liable to jeopardize the safety of
the work equipment have occurred, to ensure that health and safety conditions are
maintained and that any deterioration can be detected and remedied in good time.

(4) Without prejudice to paragraph (2), every employer shall ensure that a working platform:
a. used for construction work; and
b. from which a person could fall 2 meters or more,

is not used in any position unless it has been inspected in that position or, in the case of a mobile
working platform, inspected on the site, within the previous 7 days.

(5) Every employer shall ensure that no work equipment, other than lifting equipment to which
the requirement in regulation 9(4) of the LOLER applies:

a. leaves his undertaking; or

b. if obtained from the undertaking of another person, is used in his undertaking, unless it is
accompanied by physical evidence that the last inspection required to be carried out
under this requlation has been carried out.

(6) Every employer shall ensure that the result of an inspection under this regulation is recorded
and, subject to paragraph (8), kept until the next inspection under this regulation is recorded.

(7) A person carrying out an inspection of work equipment to which paragraph (4) applies shall:

i.  where scaffolding is provided, Part 2 of Schedule 3 is also complied with;
(c) anet, airbag or other collective safeguard for arresting falls which is not part of a personal fall
protection system, Schedule 4 is complied with;
(d) a personal fall protection system, Part 1 of Schedule 5 and:
i in the case of a work positioning system, Part 2 of Schedule 5;

iv. in the case of rope access and positioning techniques, Part 3 of Schedule 5;
v. in the case of a fall arrest system, Part 4 of Schedule 5;

vi. in the case of a work restraint system, Part 5 of Schedule 5,

vii. are complied with; and

(e) aladder, Schedule 6 is complied with.
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a. before the end of the working period within which the inspection is completed, prepare a
report containing the particulars set out in Schedule 7; and

b. within 24 hours of completing the inspection, provide the report or a copy thereof to the
person on whose behalf the inspection was carried out.

(8) An employer receiving a report or copy under paragraph (7) shall keep the report or a copy
thereof:

a. atthe site where the inspection was carried out until the construction work is completed;
and

b. thereafter at an office of his for 3 months.

(9) Where a thorough examination has been made of lifting equipment under regulation 9 of
LOLER:

a. it shall for the purposes of this regulation, other than paragraphs (7) and (8), be treated
as an inspection of the lifting equipment; and

b. the making under regulation 10 of LOLER of a report of such examination shall for the
purposes of paragraph (6) of this regulation be treated as the recording of the
inspection.

(10) In this regulation “inspection,” subject to paragraph (9):

a. means such visual or more rigorous inspection by a competent person as is appropriate
for safety purposes;

b. includes any testing appropriate for those purposes, and “inspected” shall be construed
accordingly.

This regulation demonstrates that the inspection responsibility is with the employer who is ultimately
legally responsible for ensuring timely inspections of working equipment captured in Regulation 8 of the
Work at Height Regulations 2005. Likewise, the employer is responsible for accurate recording and
maintenance of the inspection records.

2.1.4.2. Inspection Reporting

The UK Work at Height Regulations 2005, Schedule 7, Regulation 12(7) defines particulars to be included
in a report of inspection:

1. The name and address of the person for whom the inspection was carried out.
The location of the work equipment inspected.

A description of the work equipment inspected.

2

3

4. The date and time of the inspection.

5. Details of any matter identified that could give rise to a risk to the health or safety of any person.
6

Details of any action taken as a result of any matter identified in paragraph 5.
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7. Details of any further action considered necessary.

8. The name and position of the person making the report.

2.1.5. Ladders and Fall Arrest System
The UK Work at Height Regulations 2005 stipulates places of work at height to be inspected. The
regulation 13 states, “Every employer shall so far as is reasonably practicable ensure that the surface
and every parapet, permanent rail or other such fall protection measure of every place of work at height
are checked on each occasion before the place is used.”

2.1.5.1. Ladders
The UK Work at Height Regulations 2005, Schedule 6, Regulation 8(c).(1) Requirements for Ladders
states:

(1) Every employer shall ensure that a ladder is used for work at height only if a risk assessment under
regulation 3 of the Management Regulations has demonstrated that the use of more suitable work
equipment is not justified because of the low risk and:

a. the short duration of use; or
b. existing features on site which he cannot alter.

The UK Work at Height Regulations 2005, Schedule 6, Regulation 8(e).(10) Requirements for Ladders
states:

(10) Every ladder shall be used in such a way that:

a. asecure handhold and secure support are always available to the user; and
b. the user can maintain a safe handhold when carrying a load unless, in the case of a step
ladder, the maintenance of a handhold is not practicable when a load is carried, and a
risk assessment under regulation 3 of the Management Regulations has demonstrated
that the use of a stepladder is justified because of:
i. the low risk; and
ii.  theshort duration of use.

2.1.5.2. Fall Arrest System

The UK Work at Height Regulations 2005, Schedule 4, Regulation 8(c), Requirements for Collective
Safeguards for Arresting Falls states that:

1. Any reference in this Schedule to a safeguard is to a collective safeguard for arresting falls.

2. Asafeguard shall be used only if:

» The Work at Height Regulations 2005, page 8, UK
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a. a risk assessment has demonstrated that the work activity can so far as is reasonably

practicable be performed safely while using it and without affecting its effectiveness;
b. the use of other, safer work equipment is not reasonably practicable; and

C. a sufficient number of available persons have received adequate training specific to the
safeguard, including rescue procedures.

The UK Work at Height Regulations 2005, Schedule 5, Regulation 8(d), Requirements for Personal Fall
Protection Systems states that:

1. A personal fall protection system shall be used only if:

a. arisk assessment has demonstrated that:
i. the work can so far as is reasonably practicable be performed safely while
using that system; and
ii. the use of other, safer work equipment is not reasonably practicable; and
b. the user and a sufficient number of available persons have received adequate training
specific to the operations envisaged, including rescue procedures.

2. A personal fall protection system shall:

a. be suitable and of sufficient strength for the purposes for which it is being used having
regard to the work being carried out and any foreseeable loading;

b. where necessary, fit the user;

be correctly fitted;

d. be designed to minimize injury to the user and, where necessary, be adjusted to prevent the

13

user falling or slipping from it, should a fall occur; and
e. be so designed, installed and used as to prevent unplanned or uncontrolled movement of
the user.

3. A personal fall protection system designed for use with an anchor shall be securely attached to at
least one anchor, and each anchor and the means of attachment thereto shall be suitable and of
sufficient strength and stability for the purpose of supporting any foreseeable loading.

4. Suitable and sufficient steps shall be taken to prevent any person falling or slipping from a personal
fall protection system.

2.1.6. Work Platforms

The blade inspection carried out using the rope access or work platforms such as man-baskets/ cherry
pickers are also subject to certain inspection requirements.
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The UK, Construction (Health, Safety and Welfare) Regulations 1996, Schedule 7 Places of Work
Requiring Inspection®® stipulates that inspection is required for any working platform or part thereof or

any personal suspension equipment provided pursuant to paragraph (3)(b) or (c) of regulation 6 (Falls)*:
i.1. Before being taken into use for the first time; and
ii. after any substantial addition, dismantling or other alteration; and
iii. after any event likely to have affected its strength or stability; and
iv.at regular intervals not exceeding 7 days since the last inspection.

The majority of the accidents resulting in major injuries or fatalities in OWF and ONWFs in Europe are
caused by falls. Therefore it is vital that the working platforms are safe to use during the installation or
maintenance activities at wind farms. Because of the major safety issues experienced in this area, the
legal requirements for safe practices are discussed.

The UK Work at Height Regulations 2005, Schedule 3 Regulation 8(b), Requirements for Working
Platforms Part 1; Requirements for all Working Platforms®® states the following:

1. In this Schedule, “supporting structure” means any structure used for the purpose of
supporting a working platform and includes any plant used for that purpose.

2. Condition of surfaces: Any surface upon which any supporting structure rests shall be stable, of
sufficient strength and of suitable composition safely to support the supporting structure, the
working platform and any loading intended to be placed on the working platform.

3. Stability of supporting structure: Any supporting structure shall:

a. be suitable and of sufficient strength and rigidity for the purpose for which it is being
used;

** Construction (Health, Safety and Welfare) Regulations 1996, UK http://www.legislation.gov.uk/uksi/1996/1592/schedule/7/made

» 6. (1) Suitable and sufficient steps shall be taken to prevent, so far as is reasonably practicable, any person falling.

(3) Without prejudice to the generality of paragraph (1) and subject to paragraph (6), where any person is to carry out work at a
place from which he is liable to fall a distance of 2 metres or more or where any person is to use a means of access to or egress
from a place of work from which access or egress he is liable to fall a distance of 2 meters or more:

(b)where it is necessary in the interest of the safety of any person that a working platform be provided, there shall, subject to
sub-paragraphs (c) and (d) below, be so provided and used a sufficient number of working platforms which shall comply with
the provisions of Schedule 2; and .

(c) where it is not practicable to comply with all or any of the requirements of sub-paragraphs (a) or (b) above or where due to
the nature or the short duration of the work compliance with such requirements is not reasonably practicable, there shall,
subject to sub-paragraph (d) below, be provided and used suitable personal suspension equipment which shall comply with the
provisions of Schedule 3

*® The Work at Height Regulations, UK, http://www.legislation.gov.uk/uksi/2005/735/schedule/3/made
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b. in the case of a wheeled structure, be prevented by appropriate devices from moving

inadvertently during work at height;

c. in other cases, be prevented from slipping by secure attachment to the bearing surface
or to another structure, provision of an effective anti-slip device or by other means of
equivalent effectiveness;

d. be stable while being erected, used and dismantled; and
e. when altered or modified, be so altered or modified as to ensure that it remains stable.
4. Stability of working platforms: A working platform shall:

a. be suitable and of sufficient strength and rigidity for the purpose or purposes for which it
is intended to be used or is being used;

b. be so erected and used as to ensure that its components do not become accidentally
displaced so as to endanger any person;

c. when altered or modified, be so altered or modified as to ensure that it remains stable;
and

d. be dismantled in such a way as to prevent accidental displacement.
5. Safety on working platforms: A working platform shall:

a. be of sufficient dimensions to permit the safe passage of persons and the safe use of any
plant or materials required to be used and to provide a safe working area having regard
to the work being carried out there;

b. possess a suitable surface and, in particular, be so constructed that the surface of the
working platform has no gap—

i through which a person could fall;
ii. through which any material or object could fall and injure a person; or

jii. giving rise to other risk of injury to any person, unless measures have been taken
to protect persons against such risk; and

c. be so erected and used, and maintained in such condition, as to prevent, so far as is
reasonably practicable—

i.  the risk of slipping or tripping; or

ii. any person being caught between the working platform and any adjacent
structure.

6. A working platform and any supporting structure shall not be loaded so as to give rise to a risk
of collapse or to any deformation which could affect its safe use.
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In the UK, the work platforms must be checked, inspected or examined under the Construction (Health,
Safety and Welfare) Regulations 1996, the LOLER and the Work at Height Regulations 2005. Table 1*’
below shows the timing and frequency of checks, inspections and examinations.

Timing and Frequency of Checks, Inspections and Examinations (UK)

Inspect Inspect Inspect Inspect Inspect at|Inspect after [Inspectat |Checkon |LOLER
before afterany |after after suitable |exceptional [intervals not|each Thorough
work at the |event likely [accidental [installation [intervals [circumstance|exceeding |occasion |Examination
start of to have fall of rock, |or assembly s which are |7 days (see|before use |(if work
every affected its |earth or in any liable to note 3) (REPORT  [equipment
shift (see [strength or |other position jeopardise NOT subject to
note 1) stability material (see notes the safety of REQUIRED) |LOLER)

Place of Work or Work 2and 3) work (see note 4)

Equipment equipment

Excavations w hich are v v/ v

supported to prevent any person

being buried or trapped by an

accidental collapse or a fall or

dislodgement of material

Cofferdams and caissons v/ /

The surface and every parapet v/

or permanent rail of every

existing place of work at height

Guard rails, toe boards, barriers v/ v/ v/

and similar collective means of
fall protection

Scaffolds and other w orking v/ v/ v/ v
platforms (including tow er
scaffolds and MEWPs) used for
construction w ork and from

w hich a person could fall more

than 2m
All other w orking platforms v/ v/ v/ 4
Collective safeguards for v/ v v/

arresting falls (eg nets, airbags,
soft landing systems)

Personal fall protection systems v/ / 4 4
(including w ork positioning, rope
access, work restraint and fall
arrest systems)

Ladders and stepladders v/ v/ v/

7’ Inspection and Report, UK Health and Safety Executive, http://www.hse.gov.uk/pubns/cis47.pdf
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Table 1 - Timing and Frequency of Checks/Inspections/Examinations in the UK

Notes:

a. Although an excavation must be inspected at the start of every shift, only one report is needed in
any seven-day period. However, if something happens to affect its strength or stability, and/or an
additional inspection is carried out, a report must then be completed. A record of this inspection
must be processed.

b. “Installation” means putting into position and “assembly” means putting together. You are not
required to inspect and provide a report every time a ladder, tower scaffold or mobile elevated work
platform (MEWP) is moved on site or a personal fall protection system is clipped to a new location.

c. Aninspection and a report is required for a tower scaffold or MEWP (used for construction work and
from which a person could fall 2 meters) after installation or assembly and every seven days
thereafter, providing the equipment is being used on the same site. A record of this inspection must
be processed as outlined on page 1. If a tower scaffold is reassembled rather than simply moved,
then an additional, pre-use inspection and report is required. It is acceptable for this inspection to
be carried out by the person responsible for erecting the tower scaffold, providing they are trained
and competent. A visible tag system, which supplements inspection records as it is updated
following each pre-use inspection, is a way of recording and keeping the results until the next
inspection.

d. All work equipment subject to LOLER regulation 9, thorough examination and inspection
requirements, will continue to be subject to LOLER regulation 9 requirements.

2.1.7. Confined Space
A confined space is any space with difficult access and exit and restricted natural ventilation. In addition
to many other physical and mechanical risks, toxic or flammable pollutants may accumulate in such
spaces and they may be deprived of oxygen. These spaces are not suitable for the worker’s continued
presence’.

Inside the rotor blade and the area below the airtight deck of offshore wind turbine foundation are
classified as confined space. As the confined space can be deadly, some countries addressed this safety
issue by introducing regulations in order to mitigate the safety risks inherent in activities carried out in a
confined space.

In the UK, Confined Space Regulations were introduced in 1997. With this law, it became compulsory to
have the confined space training for anyone (inspector or engineer) who enters confined space,
works/supervise works/inspects works in a confined space. UK Confined Space Regulations 1997,

* Working in Confined Spaces-Best Practice Guide-Blades, Asociacion Empresarial Eolica (The Spanish Wind Energy Association),
2012, Spain http://www.aeeolica.org/uploads/documents/4160-working-in-confined-spaces-best-practice-guide-blades.pdf

BSEE Offshore Wind Energy Inspection Procedure Assessment Page 51 of 730



-ABS Group AEBSEE

Reg.5.(1)” stipulates, “Without prejudice to requlation 4 of these Regulations, no person at work shall

enter or carry out work in a confined space unless there have been prepared in respect of that confined
space suitable and sufficient arrangements for the rescue of persons in the event of an emergency,
whether or not arising out of a specified risk.”

People are killed or seriously injured in confined spaces every year. This includes a large number of
people trying to rescue others without sufficient equipment or training. In line with the UK regulations,
it is recommended the following hierarchy of controls to be carried out prior to commencing inspections
below the airtight deck of an offshore WTG foundation or in a rotor blade of a WTG:

a. Assess whether inspection can be done in another way to avoid entry into confined
space

b. If entry to a confined space is unavoidable, follow a safe system of work

c. Putin place adequate emergency arrangements before the work starts
The main danger is untested atmosphere which may be oxygen deficient or contain
atmospheric contaminants; if that is the case ventilate the confined space by opening
the hatch in advance of inspections and use respiratory protective equipment

In the UK, Merchant Shipping (Code of Safe Working Practices for Merchant Seamen) Regulations
1998,%° also regulates the maintenance of equipment for entry into dangerous spaces and stipulates
periodic inspections: “17.13.9 All breathing apparatus, rescue harnesses, lifelines, resuscitation
equipment and any other equipment provided for use in, or in connection with, entry into dangerous
spaces, or for use in emergencies, should be properly maintained, inspected periodically and checked for
correct operation by a competent person and a record of the inspections and checks should be kept. All
items of breathing apparatus should be inspected for correct operation before and after use.”

2.1.8. Construction of Wind Farms
In the UK the Construction Design Management (CDM) Regulations impose certain duties relating to
health and safety on offshore and onshore construction sites on the wind farm developer (it is referred
to as “client” in the legislation). It is stated in the paragraph 17 of the CDM Regulations®' that:

17.—(1) The client shall ensure that the CDM coordinator is provided with all the health and safety
information in the client’s possession (or which is reasonably obtainable) relating to the project which is

*® Confined Space Regulations 1997, UK, http://www.legislation.gov.uk/uksi/1997/1713/regulation/5/made

** The Merchant Shipping (Code of Safe Working Practices for Merchant Seamen) Regulations 1998, page 236, Maritime and
Coastguard Agency, the Department for Transport UK,

https://www.gov.uk/government/uploads/system/uploads/attachment data/file/282659/coswp2010.pdf

*' The Construction (Design and Management) Regulations, page 10, Feb 2007, UK

http://www.legislation.gov.uk/uksi/2007/320/pdfs/uksi 20070320 en.pdf
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likely to be needed for inclusion in the health and safety file, including information specified in
regulation 4(9)(c) of the Control of Asbestos Regulations 2006(a).

(2) Where a single health and safety file relates to more than one project, site or structure, or where it
includes other related information, the client shall ensure that the information relating to each site or
structure can be easily identified.

(3) The client shall take reasonable steps to ensure that after the construction phase the information in
the health and safety file:

a. is kept available for inspection by any person who may need it to comply with
the relevant statutory provisions; and

b. isrevised as often as may be appropriate to incorporate any relevant new
information.

(4) It shall be sufficient compliance with paragraph (3)(a) by a client who disposes of his entire interest in
the structure if he delivers the health and safety file to the person who acquires his interest in it and
ensures that he is aware of the nature and purpose of the file.

A CDM coordinator, who is normally a health and safety professional, is appointed by the project client
on notifiable project, which involves more than 30 days or 500 man days of construction work. A CDM
coordinator is required to undertake the following actions:

a. Advice and assistance: give advice and assistance to the client on what he needs to do to
comply with CDM Regulations 2007

b. Co-ordination and co-operation: ensure that arrangements are in place for co-ordination
and co-operation during the planning and preparation phase of a wind farm
construction project

c. Pre-construction information: identify and collect the pre-construction information
Designer compliance: take steps to ensure that designers comply with their COM duties

The overall role of a CDM coordinator is to ensure compliance to CDM Regulations 2007 and ensure
safety in the design and construction of an OWF and ONWF project. However, it should be noted that
following the review of the CDM Regulations (2007), the UK HSE has recommended significant changes
to the current legislation, which will come in force in 2015. One of the changes involves replacement of
the CDM coordinator role with the Principal Designer. Design professionals have expressed some
concerns about the ability of designers to discharge the proposed "Principal Designer" function (to
replace the CDM Coordinator) but the HSE has decided that, on balance, this proposed replacement is
appropriate. It notes that the default position will not change in that the pre-construction co-ordination
function will be delegated to a third party (still) and acknowledges that this will at least be the case in
the first two years following the changes.
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While the entire CDM Regulations 2007 applies to all OWF and ONWF construction projects that require
more than 30 days or 500 man days of construction work, the certain sections of the regulations address

construction activities involving inspection. We summarize those sections in this report.

2.1.9. Offshore Operations

The safety of crew on transfer vessels and transport boats is of great importance during transportation
and installation of wind farm components such as foundation, tower sections, nacelles, blades, offshore
substation, array cables and export cable. Countries with maritime regulations have long addressed the
safety aspect of offshore activities.

In the UK, Merchant Shipping (Code of Safe Working Practices for Merchant Seamen) Regulations,
1998* requires a set of inspections to be carried out to ensure crew safety. The regulations call for the
following inspections:

3.10.6 The Regulations require the safety officer to carry out health and safety inspections of
each accessible part of the ship at least once every three months, or more frequently if there
have been substantial changes in the conditions of work.

3.10.8 Deciding whether “substantial changes in the conditions of work” have taken place is a
matter of judgment. Changes are not limited to physical matters such as new machinery but can
also include changes in working practices or the presence of possible new hazards. A record
should be kept of all inspections.

3.10.9 It is not necessary to complete an inspection of the whole ship at one time, as long as
each accessible part of the ship is inspected every three months. It may be easier to get quick
and effective action on recommendations arising out of an inspection, if one section is dealt with
at a time. When inspecting a section the safety officer should be accompanied by the officer or
petty officer responsible for it.

3.10.10 Before beginning any inspection, previous reports of inspections of the particular section
should be read, together with the recommendations made and the subsequent action taken. The
control measures identified in any relevant risk assessment should also be read, and compliance
with them checked during the inspection. Any recurring problems should be noted and, in
particular, recommendations for action which have not been put into place. It is important,
however, not to allow the findings of previous inspections to prejudice any new
recommendations.

4.2.9 A competent person should inspect each item of protective equipment at regular intervals
and in all cases before and after use. All inspections should be recorded. Equipment should
always be properly stowed in a safe place after use.

% Merchant Shipping (Code of Safe Working Practices for Merchant Seamen) Regulations, 1998,

https://www.gov.uk/government/uploads/system/uploads/attachment data/file/282659/coswp2010.pdf
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7.2.2 Maintenance should include regular inspections by a competent person as dealt with in
paragraph 7.1. Where there is any suspicion that any work equipment is not working properly, or
has been subjected to any treatment likely to cause damage, it should be taken out of service
until it can be inspected and any necessary repairs or maintenance undertaken.

7.3.1 Where the safety of work equipment depends on the installation conditions, it should be
inspected by a competent person after initial installation, or after re-assembly at a new site or in
a new location, and before being put into service for the first time, to ensure that it has been
installed correctly, in accordance with any manufacturer’s instructions, and is safe to use. In this
context “inspection” means the carrying out of such visual or more rigorous inspection by a
competent person and may include testing where this is considered appropriate.

7.3.2 Inspections should cover factors such as the standard of welding or other fixing and
materials used, together with the strength of any part of the ship to which it is attached and
which supports it. Account should also be taken of any inspection requirements or guidance
produced by the manufacturer. Work equipment should be re-inspected at regular intervals, not
exceeding 5 years, or more frequently if recommended by the manufacturer, to ensure that no
deterioration in its installation has occurred.

7.3.5 The results of all inspections are to be recorded and all such records are to be retained,
readily available for inspection, until such time as a further inspection has been undertaken and
recorded.

7.3.6 Where any ship’s work equipment is to be used outside the ship, or work equipment from
outside the ship is obtained for use on the ship, it must be accompanied by physical evidence
that the last inspection required to be carried out under the Merchant Shipping and Fishing
Vessels (provision and Use of work equipment) Regulations 2006 has actually been carried out. In
this context “used outside the ship” includes use on the quayside, dock or jetty or on board
another ship; and/or operated by workers who are employed by another person.

7.3.7 Any work equipment used for lifting loads, including personnel, is also subject to the
provisions of the Merchant Shipping and Fishing Vessels (Lifting Operations and Lifting

Y as 2
t

Equipment) Regulations 2006, which set out specific requirements for the “inspection,” “testing”
and “thorough examination” of such lifting equipment, etc. This aspect is dealt with in detail in

Chapter 21 of this Code.

10.3.8 In addition to the statutory inspection, fire appliances, fire and watertight doors, other
closing appliances, and fire detection and alarm systems which have not been used in the drill
should be inspected, either at the time of the drill or immediately afterwards.

10.7.6 A careful inspection for structural damage should be carried out after dealing with
spillages of highly corrosive substances.
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2.1.9.1.  Principal Contractor
The principal contractor is the one that plans, manages and monitors the construction phase of (OWF
and ONWF) project. In the paragraph 24,*® of CDM Regulations 2007 the principal contractor’s duty in
relation to co-operation and consultation with workers are addressed. It states that:

a. Make and maintain arrangements which will enable him and the workers engaged in the
construction work to co-operate effectively in promoting and developing measures to
ensure the health, safety and welfare of the workers and in checking the effectiveness
of such measures

b. Consult those workers or their representatives in good time on matters connected with
the project which may affect their health, safety or welfare, so far as they or their
representatives are not so consulted on those matters by any employer of theirs;

c¢. Ensure that such workers or their representatives can inspect and take copies of any
information which the principal contractor has, or which these Regulations require to be
provided to him, which relates to the planning and management of the project, or which
otherwise may affect their health, safety or welfare at the site, except any information

i the disclosure of which would be against the interests of national security,

ii. which he could not disclose without contravening a prohibition imposed by or
under an enactment,

iii. relating specifically to an individual, unless he has consented to its being
disclosed,

iv. the disclosure of which would, for reasons other than its effect on health, safety
or welfare at work, cause substantial injury to his undertaking or, where the
information was supplied to him by some other person, to the undertaking of
that other person, or

V. obtained by him for the purpose of bringing, prosecuting or defending any legal
proceedings.

2.1.9.2. Excavation

UK CDM Regulation par.31.4.b% requires “Construction work not to be carried out in an excavation
where any supports or battering have been provided pursuant to paragraph:

(1) (All practicable steps shall be taken, where necessary to prevent danger to any person,
including, where necessary, the provision of supports or battering) unless:

a. the excavation and any work equipment and materials which affect its safety, have been
inspected by a competent person

i. atthe start of the shift in which the work is to be carried out,

* The Construction (Design and Management) Regulations, page 14, Feb 2007, UK

** The Construction (Design and Management) Regulations, page 16, Feb 2007, UK
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ii. after any event likely to have affected the strength or stability of the excavation,

and
iii.  after any material unintentionally falls or is dislodged; and

b. the person who carried out the inspection is satisfied that the work can be carried out
there safely.

The regulation does not make any comment on who should be in charge of the inspections as this
decision is left with the Client (project owner); instead the regulations demands that inspections to be
carried out by a competent person, which is the common approach of the UK HSE.

2.1.9.3. Cofferdams and Caissons

Paragraph 32° of the UK CDM Regulations demands the cofferdam or caisson, and any work equipment
and materials which affect its safety to be inspected by a competent person. It is stipulated in this
paragraph that:

(1) Every cofferdam or caisson shall be
a. of suitable design and construction;

b. appropriately equipped so that workers can gain shelter or escape if water or materials
enter it; and

c. properly maintained.
(2) A cofferdam or caisson shall be used to carry out construction work only if

a. the cofferdam or caisson, and any work equipment and materials which affect its safety,
have been inspected by a competent person

i at the start of the shift in which the work is to be carried out, and

ji. after any event likely to have affected the strength or stability of the cofferdam or
caisson; and

b. the person who carried out the inspection is satisfied that the work can be safely carried
out there.

(3) Where the person who carried out the inspection has under regulation 33(1)(a) informed the
person on whose behalf the inspection was carried out of any matter about which he is not
satisfied, work shall not be carried out in the cofferdam or caisson until the matters have been
satisfactorily remedied.

Therefore, where cofferdams and caissons are used in an OWF, there is a legal requirement to carry out
inspections to ensure safe operations for the workers. In the UK, the main requirement for an inspector

% The Construction (Design and Management) Regulations, page 16, Feb 2007, UK
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is to be “a competent person.” Again the responsibility of assigning a competent person is left the
principal contractor or the client.

The UK, Construction (Health, Safety and Welfare) Regulations 1996, Schedule 7 Places of Work
Requiring Inspection stipulates that a place of work involving cofferdams and caissons requires
inspections:

i.(i)3.Before any person carries out work at the start of every shift; and

ii. (ii) After any event likely to have affected the strength or stability of the cofferdam or
caisson or any part thereof.

This approach of the UK HSE provides flexibility, but also creates a degree of risk when the level of
competency is misjudged in the process of selecting experienced and qualified inspectors to carry out
inspection activities in OWF and ONWF projects. It is recommended for BSEE to review “Benchmarking
the Competent Person in Manufacturing and Engineering Sectors”®’ issued by the UK HSE, before
deciding whether to adopt the same approach or to be prescriptive in this area. The view of the UK HSE
is as such that the decision on “competency” should lie with the companies hiring their own HSE
specialists or assigning third parties to carry out HSE inspections, audits, reviews, etc. The UK HSE
stated,®® “Employer must ensure that any individual performing a task on employer’s behalf has the
competence to do so without putting the health and safety of themselves or others at significant risk.”

2.1.9.4. Inspection Reports
UK CDM Regulations paragraph 33* outlines the requirements for reporting inspection results:

(1) Subject to paragraph (5), the person who carries out an inspection under par.31 or par.32
shall, before the end of the shift within which the inspection is completed:

a. where he is not satisfied that the construction work can be carried out safely at the place
inspected, inform the person for whom the inspection was carried out of any matters
about which he is not satisfied; and

b. prepare a report which shall include the particulars set out in Schedule 3.

(2) A person who prepares a report under paragraph (1) shall, within 24 hours of completing the
inspection to which the report relates, provide the report or a copy of it to the person on whose
behalf the inspection was carried out.

* Construction (Health, Safety and Welfare) Regulations 1996, UK http://www.legislation.gov.uk/uksi/1996/1592/schedule/7/made

¥Research Report 121 - Benchmarking the Competent Person in Manufacturing and Engineering Sectors, Engineering
Employers Federation (South), 2003, UK http://www.hse.gov.uk/research/rrpdf/rri21.pdf

% http://www.hse.gov.uk/competence/

** The Construction (Design and Management) Regulations, page 17, Feb 2007, UK
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(3) Where the person owing a duty under paragraph (1) or (2) is an employee or works under the
control of another, his employer or, as the case may be, the person under whose control he
works shall ensure that he performs the duty.

(4) The person on whose behalf the inspection was carried out shall:

a. keep the report or a copy of it available for inspection by an inspector appointed under
section 19 of the UK Health and Safety at Work etc. Act 1974(a):

i. atthe site of the place of work in respect of which the inspection was carried out until
that work is completed, and

ii. after that for 3 months, and send to the inspector such extracts from or copies of it as
the inspector may from time to time require.

(5) Nothing in this regulation shall require as regards an inspection carried out on a place of
work for the purposes of regulations 31(4)(a)(i) and 32(2)(a)(i), the preparation of more than one
report within a period of 7 days.

Schedule 3 of UK CDM Regulation paragraph 33(1)(b) elaborates on the particulars to be included in an
inspection report:

1. Name and address of the person on whose behalf the inspection was carried out.
2. Location of the place of work inspected.

3. Description of the place of work or part of that place inspected (including any work equipment
and materials).

4. Date and time of the inspection.

5. Details of any matter identified that could give rise to a risk to the health or safety of any
person.

6. Details of any action taken as a result of any matter identified in paragraph 5 above.
7. Details of any further action considered necessary.

8. Name and position of the person making the report.

2.1.9.5. Risk Assessments

The UK and most of the other European countries require risk assessments for construction and
maintenance activities to be carried out before commencing any works in OWF and ONWF projects.

UK CDM Regulation Part 2 paragraph 13.(4).(b).(i)* lists risk assessment as part of the duties of
contractors working on (offshore and onshore) construction projects:

“*The Construction (Design and Management) Regulations, page 9, Feb 2007, UK
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(4) Every contractor shall provide every worker carrying out the construction work under his
control with any information and training which he needs for the particular work to be carried
out safely and without risk to health, including:

(a) suitable site induction, where not provided by any principal contractor;
(b) information on the risks to their health and safety:

i. identified by his risk assessment under regulation 3 of the Management of Health
and Safety at Work Regulations 1999, or

ii. arising out of the conduct by another contractor of his undertaking and of which he is
or ought reasonably to be aware.

UK Management of Health and Safety at Work Regulations 1999, Regulation 3 Risk Assessment*' states
that:

(1) Every employer shall make a suitable and sufficient assessment of:

a. the risks to the health and safety of his employees to which they are exposed whilst they
are at work; and

b. the risks to the health and safety of persons not in his employment arising out of or in
connection with the conduct by him of his undertaking, for the purpose of identifying the
measures he needs to take to comply with the requirements and prohibitions imposed
upon him by or under the relevant statutory provisions and by Part Il of the Fire
Precautions (Workplace) Regulations 1997.

(2) Every self-employed person shall make a suitable and sufficient assessment of:
a. the risks to his own health and safety to which he is exposed whilst he is at work; and

b. the risks to the health and safety of persons not in his employment arising out of or in
connection with the conduct by him of his undertaking, for the purpose of identifying the
measures he needs to take to comply with the requirements and prohibitions imposed
upon him by or under the relevant statutory provisions.

(3) Any assessment such as is referred to in paragraph (1) or (2) shall be reviewed by the
employer or self-employed person who made it if:

a. there is reason to suspect that it is no longer valid; or

b. there has been a significant change in the matters to which it relates; and where as a
result of any such review changes to an assessment are required, the employer or self-
employed person concerned shall make them.

* The Management of Health and Safety at Work Regulations 1999, page 3, Dec 1999, UK
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(4) An employer shall not employ a young person unless he has, in relation to risks to the health
and safety of young persons, made or reviewed an assessment in accordance with paragraphs
(1) and (5).

(5) In making or reviewing the assessment, an employer who employs or is to employ a young
person shall take particular account of:

a. theinexperience, lack of awareness of risks and immaturity of young persons;

b. the fitting-out and layout of the workplace and the workstation;

c. the nature, degree and duration of exposure to physical, biological and chemical agents;
d. the form, range, and use of work equipment and the way in which it is handled;

e. the organization of processes and activities;

f.  the extent of the health and safety training provided or to be provided to young
persons; and

g. risks from agents, processes and work listed in the Annex to Council Directive
94/33/EC(a) on the protection of young people at work.

(6) Where the employer employs five or more employees, he shall record:
a. the significant findings of the assessment; and
b. any group of his employees identified by it as being especially at risk.

UK CDM Regulation Part 3 paragraph 19.(2).(a) Additional Duties of Contractors** stipulates contractors
to provide risk assessment to the principal contractor (project owner):

(2) Every contractor shall:

a. promptly provide the principal contractor with any information (including any relevant
part of any risk assessment in his possession or control) which

i might affect the health or safety of any person carrying out the construction
work or of any person who may be affected by it,

ji. might justify a review of the construction phase plan, or
jii. has been identified for inclusion in the health and safety file in pursuance of
regulation 22(1)(j)
2.1.10. Environmental Protection

In the UK, as in the rest of Europe, there is a great focus on protection of the environment and therefore
this area is heavily regulated. For example, Environmental Protection Act 1990 demands any oil spill to

*The Construction (Design and Management) Regulations, page 11, Feb 2007, UK
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ground or streams to be reported to regional environmental protection agency. Environmental
Protection Act 1990 78B, Identification of Contaminated Land*? stipulates:

(1)Every local authority shall cause its area to be inspected from time to time for the purpose
a. of identifying contaminated land and

b. of enabling the authority to decide whether any such land is land which is required to be
designated as a special site.

This regulation focuses on monitoring the condition of land, including ONWF sites, and also ensuring
that the land is designated as a special site, such preservation area, bog land, etc. A recent project
involving installation and operation of an ONWF highlights the importance of complying with
environmental regulations from the planning stage. Derrybrien ONWF in Ireland, which was planned for
71 turbines (60 MW), is an example of errors in site assessment at the project conception stage. Having
obtained full planning permission, the project commenced production in July 2003, but was severely
impacted when a landslide occurred in October 2003 after 90% of the site roads were complete and 50%
of the turbine foundations were in place. Although no one was injured as a result of the landslide, there
was substantial damage to the fishery at the base of the slide caused by debris entering the river. The
landslide also affected the forestry, unoccupied property, and road access, resulting in several months of
delays. Although the landslide affected only 1% of the wind farm site, the consequences were severe. A
subsequent investigation found a combination of contributing factors, including a zone of weak peat
with a natural drainage channel, and activity associated with the construction of the wind farm. The
report identified a number of changes to construction work practices that were put in place before
resuming work, and geotechnical consultants were engaged to monitor every stage of construction of
the wind farm on a full-time basis. The landslide moved nearly half a million cubic meters of earth,
polluted a river and killed 50,000 fish. In 2008, the European Court of Justice found that the landslide
occurred because a proper environmental impact assessment had not been carried out prior to
construction of the wind farm. The court argued in effect that the application of Irish law was too loose.
The Irish Government argued it was caused by failures in construction but they accepted the court
ruling.**

2.1.11. Electrical Safety

Safe operations of offshore substations, onshore substations and export cables are integral part of
overall OWF safety.

“* The Environmental Protection Act 1990 78B , UK http://www.legislation.gov.uk/ukpga/1990/43/section/78B

* Risk Management of Wind Farm Projects, MBA Research Project, Jale Cairney, Imperial College London, Business School,
London 2009
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UK Electricity Safety, Quality and Continuity Regulations (Northern Ireland) 2012 Regulations® stipulates
inspections requirements for electricity safety. It is stated in the Part 1, 5.A, Inspection of networks
that:

5. A generator or distributor shall, so far as is reasonably practicable, inspect their network with
sufficient frequency so that they are aware of what action they need to take so as to ensure
compliance with these Regulations and, in the case of their substations and overhead lines, shall
maintain for a period of not less than 10 years a record of such an inspection including any
recommendations arising therefrom.

UK Electricity Safety, Quality and Continuity Regulations (Northern Ireland) 2012 Regulations Part 4,
Underground cables and Equipment, Regulation 15, Maps of Underground Networks stipulates the
following:

(1) This regulation applies in respect of any network or part thereof, owned or operated by a generator
or distributor which is below ground on land which is not under their control.

(2) Every generator or distributor shall have and, so far as is reasonably practicable, keep up to date, a
map or series of maps indicating the position and depth below surface level of all networks or parts
thereof which they own or operate.

(3) The generator or distributor shall make a copy of the whole or the relevant part of the map prepared
or kept for the purposes of paragraph (2) available for inspection by any of

a. the Department;

b. the Department of the Environment; and

C. any other person who can show reasonable cause for requiring to inspect any part of the
map, and shall, on request, provide a copy of such map or part of the map.

UK Electricity Safety, Quality and Continuity Regulations (Northern Ireland) 2012 Regulations Part 8,
Regulation 31, Inspections, etc. for the Department addresses the requirements for making relevant
documentation available for inspections.

(1) A generator or distributor whose equipment is subject to inspection, test or examination for
the purpose of ascertaining whether a breach of these Regulations may have occurred, by an
inspector appointed under Article 33 of the Electricity (Northern Ireland) Order 1992, shall afford
reasonable facilities therefor.

(2) A generator or distributor shall provide such information to the inspector as they may require
for the purposes of performing their functions under this regulation.

* The Electricity Safety, Quality and Continuity Regulations (Northern Ireland) 2012, The Health and Safety Executive, UK, 2012
http://www.legislation.gov.uk/nisr/2012/381/pdfs/nisr 20120381 en.pdf
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2.1.12. Diving

Where subsea operations involving divers are undertaken, the Diving at Work Regulations*® impose a
duty on the Diving Contractor to ensure that suitable emergency response and first aid provision is in
place, to cope with foreseeable emergencies on the project. The regulations also specify the first aid
training requirements for divers, and the provision of diver medics in each dive team®’.

Diving at Work Regulations, Regulation 6, Duties of Diving Contractor stipulates as following:

(1) The diving contractor shall ensure, so far as is reasonably practicable, that the diving project is
planned, managed and conducted in a manner which protects the health and safety of all persons taking
part in that project.

(2) The diving contractor shall:

(a) Ensure that, before the commencement of the diving project, a diving project plan is prepared in
respect of that project in accordance with regulation 8 and that the plan is thereafter updated as
necessary during the continuance of the project.

(b) Before the commencement of any diving operation:
(i) Appoint a person to supervise that operation in accordance with regulation 9
(ii) Make a written record of that appointment

(iii) Ensure that the person appointed is supplied with a copy of any part of the diving project
plan which relates to that operation.

(c) As soon as possible after the appointment of a supervisor, provide that supervisor with a written
record of his appointment.

(3) The diving contractor shall:

(a) Ensure that there are sufficient people with suitable competence to carry out safely and without
risk to health both the diving project and any action (including the giving of first-aid) which may be
necessary in the event of a reasonably foreseeable emergency connected with the diving project.

(b) Ensure that suitable and sufficient plant is available whenever needed to carry out safely and
without risk to health both the diving project and any action (including the giving of first-aid) which
may be necessary in the event of a reasonably foreseeable emergency connected with the diving
project.

(c) Ensure that the plant made available under sub-paragraph (b) is maintained in a safe working
condition.

“® Diving at Work Regulations 1997, UK Health and Safety Executive, http://www.legislation.gov.uk/uksi/1997/2776/contents/made

7 Offshore Marine HS Guidelines 2014, RenewableUK, http://www.renewableuk.com/en/publications/index.cfm/2013-03-13-hs-
guidelines-offshore-wind-marine-energy
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(d) Ensure, so far as reasonably practicable, that any person taking part in the diving project
complies with the requirements and prohibitions imposed on him by or under the relevant statutory
provisions and observes the provisions of the diving project plan.

(e) Ensure that a record containing the required particulars is kept for each diving operation.

(f) Retain the diving operation record in his possession for at least two years after the date of the
last entry in it.

(4) In this regulation, the “required particulars” means such particulars as are approved for the time
being in writing by the Executive for the purposes of sub-paragraph 3(e); and any such approval may be
given generally or in respect of any diving project or class of diving projects.

Whereas it is stated in the Regulation 13, Duties of and restrictions on persons engaged in a diving
project that:

(1) No person shall dive in a diving project:

(a) Unless he is competent to carry out safely and without risk to health any activity he may
reasonably expect to carry out while taking part in the diving project.

(b) If he knows of anything (including any illness or medical condition) which makes him unfit to
dive.

(2) Every person engaged in a diving project shall comply with:
(a) Any directions given to him by a supervisor under regulation 11.

(b) Where they would not conflict with those directions, any instructions applicable to him in the
diving project plan.

Diving at Work Regulations, Regulation 14, Approved Qualifications stipulates the following:

(1) The Executive may approve in writing such qualification as it considers suitable for the purpose of
ensuring the adequate competence of divers for the purposes of regulation 12(1)(a).

(2) Any approval given under paragraph (1) may be limited to any diver or class of divers or any dive or
class of dive, may be subject to conditions or limited to time, and may be revoked in writing by the
Executive at any time.

(3) An approved qualification shall not be valid for the purposes of regulation 12(1)(a) unless any
limitation or any condition as to the approval of the qualification under this regulation is satisfied or
complied with and the approval has not been revoked.

Diving at Work Regulations, Regulation 15, Certificate of Medical Fitness to Dive also stipulates the
following:

(1) A certificate of medical fitness to dive is a certificate from a medical examiner of divers (or from the
Executive following an appeal under paragraph (4)) that the person issuing the certificate considers the
person named in the certificate to be fit to dive.

(2) A certificate of medical fitness to dive shall state:
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(a) The period (which shall not exceed 12 months) during which the person issuing the certificate

considers the person named in the certificate will remain fit to dive.
(b) Any other limitations as to the nature or category of diving to which it relates.

(3) A certificate of medical fitness to dive may be subject to conditions stated in the certificate and may
be revoked at any time on medical grounds by a medical examiner of divers or the Executive.

(4) Where a certificate of medical fitness to dive is:
(a) refused,
(b) granted subject to limitations under paragraph (2), or
(c) subjected to conditions or revoked under paragraph (3).

by a medical examiner of divers, the person who applied for or holds the certificate may, within 28 days
of the decision in question, appeal to the Executive against that decision; and the Executive shall
thereupon review the decision and if satisfied that the decision should be reversed or altered shall issue a
certificate to that effect.

(5) A certificate of medical fitness to dive shall not be valid unless any limitation or any condition stated
in it is satisfied or complied with and it has neither expired nor been revoked.

(6) In this regulation, “medical examiner of divers” means a medical practitioner who is, or who falls
within a class of medical practitioners which is, for the time being, approved in writing by the Executive
for the purposes of this requlation; and any such approval may be given generally or restricted to any
class of diver or dive.

2.2.Switzerland, Italy, France, Bulgaria Regulatory Requirements for
Inspections, Audits & Evaluations

In addition to the review of UK, German and Danish HSE regulations, the HSE regulations of Switzerland,
Italy, France and Bulgaria were also reviewed with regards to wind farm installation as those four
countries provide good representations of European legislative systems. Bulgaria was particularly
selected in this process because Bulgaria recently upgraded its legislative system in the process of EU
accessing® (Bulgaria joined the EU in January 2007), hence its legislative system represents average EU
member state regulations.

Relevant HSE regulations were identified and listed in the following appendices. Those regulations set
the minimum requirements which are subject to inspections, audits and assessment. It should be noted
that the web-links provided, where possible, in the MS Excel files take the reader to the regulations
published in the official language of the country.

“® All countries wishing to join the EU must abide by the accession criteria or the Copenhagen criteria, on which the
Commission's opinion on any application for accession is based. One of the criteria is to demonstrate the ability to assume the
obligations of a Member State stemming from the law and policies of the EU which include subscribing to the Union's political,
economic and monetary aims.
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e Switzerland: Please see Appendix F, Swiss Regulations.

e |taly: Please see Appendix G, Italian Regulations
e France: Please see Appendix H, French Regulations
e Bulgaria: Please see Appendix |, Bulgarian Regulations

Like in the UK, there are only few HSE regulations and inspection requirements that are specific to wind
turbines, as each country resorted to applying existing national HSE regulations for wind farm
developments and operations while observing the standards set by relevant national and international
organizations such as RenewableUK, International Electrotechnical Commission (IEC).

2.3.German Regulatory Requirements for Inspections, Audits & Evaluations

This section addresses what the regulations of domestic and international regulators say about offshore
and onshore wind inspections in Germany.

In Germany, statutory inspection requirements for offshore wind turbines and wind farms are laid down
in the requirements of the Federal Maritime and Hydrographic Agency (Bundesamt fiir Seeschifffahrt
und Hydrographie — BSH).

Based on the reviewed documents, the BSH will issue the 1st release for the development phase of the
wind farm, the 2nd release for the Basic Design in the design phase, the 3rd release for the
implementation planning in the design phase, and after the manufacturing (production), transport,
installation and commissioning the operations release (operating permit) for the wind farm.

The standard “Design of Offshore Wind Turbines” and the “Guidance for use of the of BSH standard
‘Design of Offshore Wind Turbines’” are intended to provide legal and planning security for
development, design, implementation, operation and decommissioning of offshore wind farms within
the scope of the Marine Facilities Ordinance .

To maintain the operating permit for the offshore wind farm, annual inspections of the operating wind
farm are required by the BSH.

According to the above-mentioned BSH standards, the entire system (turbine and support structure)
shall be inspected in detail as part of the periodic inspections. A specific checklist for the facility and site
shall be prepared for the test on the basis of the technical documents, and shall also contain the
evaluation criteria. The intervals for recurrent tests shall be defined. Periodic inspections shall be
performed annually on 25% of the offshore wind turbines of an offshore wind farm, so that all offshore
wind turbines will have been inspected after each block of four years. Central structures such as the
transformer substation shall be inspected annually, while deviation from the annual inspection is
permitted for other individual structures. The inspection shall be performed by suitable experts.

The following documents, at least, shall be inspected as part of the periodic inspections:

a. Test reports or certification reports with all appendices and supplements
b. Construction approval
c. Operating permit
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d. Operating instructions
Commissioning report
f.  Filled-in technical maintenance specifications for the OWF including the support structure
and scour protection (maintenance logs)
g. Reports on previous recurrent tests or condition inspections
h. Certificate of the oil quality
i. Documentation of modifications/repairs made to the installation and, if necessary,
approvals
A visual inspection of the installation shall be performed involving inspection of the individual
installation components including the rotor blade and the underwater structure as well as the scour
protection from immediate proximity, the underwater structure shall be inspected by divers or with a
camera mounted on a remotely operated vehicle (ROV). The points to be inspected shall be cleaned or
exposed as required.

At the same time, the stability of the installation against collapse, and the function of both the safety
system and the brake systems shall be tested. The items covered by periodic inspections are specified as
follows in Table 2 below.

Assembly Scope
Rotor blade Damage to the surface, cracks, structural inconsistencies of the blade

body (inspection from a lifting platform or climbing device: Visual
assessment and inspection of the structure using suitable processes
[e.g., knocking, ultrasound]). Tightening torque of screw connections.
Damage to the lightning protection equipment.

Drivetrain Leaks, unusual noises, condition of the corrosion protection, lubrication
condition, tightening torque of screw connections. Condition of the gear
unit (oil sample if necessary).

Nacelle and components that carry Corrosion, cracks, unusual noises, lubrication condition, tightening
force and torque torque of screw connections.

Hydraulic system, pneumatic system Damage, leaks, corrosion, function.

Support structure (tower, underwater Corrosion, cracks, tightening torques of screw connections,
structure, foundation) unacceptable scouring, position.

Safety equipment, measuring sensors Function checks, compliance with limit values, damage, wear.

and brake systems

System control and Electrotechnical Connections, attachment, function, corrosion, contamination.
components including transformer,
station and switchgear

Documents Completeness, compliance with regulations, implementation, test
documents, regular undertaking of maintenance, undertaking of any
modifications/repairs according to authorization.

Table 2 — Periodic Inspection Scope for WTGs

BSEE Offshore Wind Energy Inspection Procedure Assessment Page 68 of 730



Onshore wind turbines have to seek Type Approval according to the “Richtlinie fiir Windenergieanlagen
- Einwirkungen und Standsicherheitsnachweise fiir Turm und Grindung”® the “German Center of

Competence in Civil Engineering” (https://www.dibt.de/en/DIBt/DIBt.html).

This “Guideline for wind turbines” also regulates the periodic monitoring of the wind turbines.

Periodic monitoring is to be carried out in regular intervals and the inspection has to cover the entire
wind turbine, including machinery, rotor blades, electrical installation of the operation and safety
system, safety devices, tower and foundation to assess the structural integrity. In addition, it has to be
checked that the safety related thresholds are within their (certified) limits.

The periodic monitoring has to take into account the requirements of the maintenance procedure and
the corresponding Certification Reports of the Type Approval.

The intervals are laid down in the corresponding Certification Reports (of the Type Approval). As a rule,
the periodic monitoring inspection has to be performed every second year, but the interval can be
extended to every fourth year, if authorized experts from the wind turbine manufacturer carry out
continuous monitoring and annual maintenance.

The complete turbine shall be checked by visual inspection whereby the individual components
(including tower, foundation, rotor blades) shall be examined closely and the areas to be examined shall
be cleaned and/or uncovered if relevant.

Structural integrity of the wind turbine including machinery, functioning of the safety and braking
system shall be checked as well (see Table 3).

At least the following documentation shall be reviewed for the periodic monitoring:

a. Approval and/or certification reports including all annexes and supplements

b. Building permit, including all annexes

c. Operating manual

d. Commissioning report

e. Maintenance report

f.  Reports of previous Periodic Monitoring or other conditions surveys

g. Proof of oil quality

h. Documentation of modification/repairs of the turbine an necessary approvals
Assembly Inspection for Possible Defects
Rotor blade - Surface damage, cracks, structural discontinuities (visual and structural

examination using suitable methods [e.g., tapping, ultrasonic testing])
- Pre-tensioning of bolts

- Condition of the lightning protection system as well as indications of any

* “Richtlinie fiir Windenergieanlagen - Einwirkungen und Standsicherheitsnachweise fiir Turm und Griindung” the “German
Center of Competence in Civial Engineering”, https://www.dibt.de/en/DIBt/DIBt.html
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lightning strikes

Drive train - Leakages, unusual noises, vibrations, condition of corrosion protection,
greasing, pre-tensioning of bolts
- Condition of the gearing (oil sample)

Nacelle and force — and - Corrosion, cracks, unusual noises, greasing

moment — transmitting - Pre-tensioning of bolts

components

Hydraulic system, pneumatic | - Damage, leakages, corrosion

system - Function

Safety devices, sensors and - Functional checks, compliance with the limiting values

breaking systems - Damage, wear

Electrical installation - Protocols of inspections performed according to the scope described in IEC
including control system 60364-6 since the last Periodic Monitoring

- Availability of the up-to-date circuit diagrams

- Corrosion, protection against direct contact, scorch marks, damages and
deterioration of electrical installations including electrical cabinets, cable
routing and fixing, cable harness in yaw section, connection and housing of
sensors and actuators

- Grounding of electrical components

- Integrity of hazard beacon and emergency light

- Settings of protection devices

- Plausibility function checks of control system including verification of limit
values and error messages

- Lock of transformer room

- Condition and fixing of power transformers

- Availability of personal safety equipment against electrical shock

- Labelling (warning signs, danger notices, identification of cables and devices)

Lightning protection system - Protocols of inspections performed according to the scope described in IEC
61400-24 since the last Periodic Monitoring

- Condition of the air termination and down conduction system as well as
indications of any lighting strikes. This mainly includes: condition of receptors,
condition of lightning rods, condition of foundation connection lugs, corrosion
of earth electrodes, conditions of Surge Protection Devices (SPD), condition of
sliding contacts, earth brushes and spark gaps, condition of connections and
fixings, condition of down conductors.

Tower and foundation - Corrosion, cracks
- Pre-tensioning of bolts
- Covering of foundation

Table 3 — Scope of Inspections for Periodic Monitoring of WTGs

With regards to Health and Safety and inspection of PPE, ladders, fall arrest system, work platforms,
confined space, environmental protection and electrical safety, the following regulations/standards
have to be taken into account:
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e Wind turbines — Protective measures — Requirements for design, operation and maintenance;
FprEN 50308:2013%

This standard specifies requirements for protective measures relating to health and safety of persons,
domestic animals and property, to be incorporated into the design, operation and maintenance of wind
turbines. The requirements cover the potential danger zones inside and in the environment of a wind
turbine where persons, domestic animals and property may be exposed to hazards from the wind
turbine. This standard covers the safety issues of the wind turbine itself and the directly related
material, equipment and processes essential for the safe operation of the complete system. This also
includes switchgear outside the tower, internal grid, grid connection, and any means of access.

e Deutsche Gesetzliche Unfallversicherung e.V. DGUV Information 203-007 —
Windenergieanlagen (bisher: BGI 657)51

This DGUV Information 203-007 — Windenergieanlagen (bisher: Berufsgenossenschaftlichen Information
[BGI] 657) (DGUV Information 203-007 — Wind Turbines (formally known as: BGIl 657) covers hazard
identification according to the German Safety and Health Act (Deutsches Arbeitsschutzgesetz). It is
applicable to the construction, assembly/disassembly, operation and maintenance of onshore and
offshore wind turbines.

In the following section, additional information are given for components or areas which are not or not
fully covered by aforesaid section.

2.3.1. Lifting Equipment

According to the German Occupational Safety Act “Betriebssicherheitsverordnung (BetrSichV)” Periodic
Monitoring of lifting equipment in wind turbines for personnel and goods (e.g. tools) is to be carried
every 4 years — interim inspection to be done between two Periodic Monitoring surveys.

2.3.2. Hydraulic Accumulators

The Periodic Monitoring intervals for Hydraulic Accumulators has to be done as external assessment
(every 1st, 2nd or 5th year), internal assessment (every 3rd or 5th year) and assessment of the strength
(every 5th, 9th or 10th year) and this depends on the individual layout and capacity of the hydraulic
system and has to be determined individually. This is laid down in the German Occupational Safety Act
“Betriebssicherheitsverordnung (BetrSichV)” §15 (Paragraph 15).

** Wind turbines - Protective measures - Requirements for design, operation and maintenance; FprEN 50308:2013

> DGUV Information 203-007 - Windenergieanlagen (bisher: BGI 657),
http://www.arbeitssicherheit.de/de/html/library/document/5004841,1
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2.3.3. Fire Extinguisher

According to DIN EN 3, the functioning of portable fire extinguishers has to be checked every two years
in accordance with DIN EN 3. This rule applies to all portable fire extinguishers, which are stationed on
onshore and offshore wind farms in Germany.

2.3.4. PPE and Fall Arrest Systems

Before each use, PPE has to be visually inspected with regards to proper conditions and functionality by
the individual user. Every twelve months the PPE has to be checked by a competent person. This is laid
down in the BG provision, regulation, information and axiom.>”

2.4.Danish Regulatory Requirements for Inspections, Audits & Evaluations

In this section we address what the regulations of domestic and international regulators say about
offshore and onshore wind inspections in Denmark.

The whole process, from construction, production and operation of the wind turbines, is included in the
certification scheme (Executive Order on a technical certification scheme for wind turbines no. 73 of
January 25th 2013 and Guidelines for Executive Order on a technical certification scheme for wind
turbines no. 73 of January 25th 2013), which applies to all onshore and offshore wind turbines types.

The purpose of this Executive Order is to ensure that wind turbines installed onshore, in Danish
territorial waters and in the Exclusive Economic Zone, and which are used for the purpose of energy
production, meet the requirements set out for energy production, safety and the environment, and that
the wind turbines are serviced and maintained as prescribed.

This Executive Order shall cover the individual wind turbine, including the tower, foundations, electro-
technical installations, and transformers, up to and including turbine connection terminals to the
electricity supply grid, including components for leading cables away from the wind turbine.

Before the wind turbine is placed on the market or put into service, the producer or the supplier of the
wind turbine shall carry out CE marking, as well as ensure that the wind turbine comes with an EC
statement of compliance upon delivery in order to meet the requirements for safety and health, cf. the
Executive Order on the design of technical equipment. The producer or the supplier shall be able to
document to the Danish Working Environment Authority compliance with this Executive Order.

Documentation of compliance with requirements for wind turbines under other legislation, including the
Building Act and the Environmental Protection Act, the Electricity Supply Act and the High Voltage
Executive Order, shall be submitted to the competent authorities before the erection of the wind
turbine.

*2 BG provision, regulation, information and axiom, http://www.bgbau-medien.de/struktur/inh_gese.htm
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Certification of wind turbines with a rotor swept area of more than 40m? (> 7m in diameter) shall, as a
minimum, include requirements corresponding to the mandatory modules and requirements for type or
prototype certification stipulated in European standard DS/EN 61400-22.

Certification as mentioned in above shall also include a source noise measurement pursuant to the
current Executive Order on noise from wind turbines.

Wind turbines with a rotor area of more than 200 m? (> 16m in diameter) shall be project certified upon
installation. Project certification shall, as a minimum, include requirements corresponding to the
mandatory modules and requirements for project certification stipulated in European standard DS/EN
61400-22.

In addition to the aforesaid standards and regulations additional requirements are to be met and are
subject to a continuous update. Current regulations are to be checked on the website of the Danish
Energy Agency (http://www.vindmoellegodkendelse.dk/DK/regelsaetogrekom.htm ).

As a rule the necessary and regular inspections have to be carried out according to the service and
maintenance instruction of the individual wind turbine type; at least the following should be covered:
2.4.1. Inspections per Annum
a. The machine/ main frame shall be inspected for cracks in congested and at welds.

b. The main shaft to be inspected for scratches and rust. The area in front of the front main bearing
is important. There must be no scratches and rust.

c. The yaw-system to be inspected for wear and the backlash in the bearing to be measured.
d. The tower to be inspected for cracks in the welds.

e. Bolted joints are to be checked for looseness and pretension.

f. The foundation is to be inspected for cracks. Seals are to be checked for functionality.

g. Any bolted joints of the foundation are to be inspected for rust and corrosion.

2.4.2. Inspections every 3 Years

Rotor blades are to be inspected by visual inspection at close range; possibly using techniques involving
camera or tele/photo drone and subsequent evaluations. These inspections are performed by visual
inspection of the required components and details.

The extended service intervals with associated check-list shall be forwarded to the owner and registered
in service report. The Secretariat will continuously update examples (which may be wind turbine
specific) and can be downloaded from the website of the Danish Energy Agency's Secretariat for Wind
Turbines (www.vindmoellegodkendelse.dk).

In Denmark Health, Safety and Environmental protection aspects are regulated by the Danish Working
Environment Authority (Arbejdstilsynet, http://arbejdstilsynet.dk/da/).
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The external document structure of the Danish Working Environment Authority (WEA)
(http://engelsk.arbejdstilsynet.dk/en/Regulations.aspx) distinguishes between documents of a legal

nature and documents of an informative nature.
Documents of a legal nature include Acts, Executive Orders and WEA Guidelines.

The mission statement is to contribute to a safe, healthy and stimulating working environment through
effective inspection, targeted regulation and information, while the vision statement is to focus on the
most important working environment problems and target efforts towards enterprises with a
problematic working environment.

2.4.3. Acts

The Danish Working Environment Act (http://engelsk.arbejdstilsynet.dk/en/Regulations/acts/Working-
Environment-Act.aspx) includes general provisions on the working environment. The Act is binding on
citizens and any violation of the rules is therefore subject to legal sanctions.

The Offshore Safety Act (http://engelsk.arbejdstilsynet.dk/en/Regulations.aspx) regulates safety of
offshore installations, the working environment on the installations and other health conditions.

2.4.4. Executive Orders

According to Danish regulations the Act is implemented through Executive Orders, which can be found
in the following website link. (http://engelsk.arbejdstilsynet.dk/en/Regulations/Executive-Orders.aspx).

Executive Orders are binding on citizens and any violation of the rules is therefore subject to legal
sanctions.

2.4.5. WEA Guidelines
WEA Guidelines (http://engelsk.arbejdstilsynet.dk/en/Regulations/Guidelines.aspx) describe how the
regulations laid down in Danish working environment legislation are to be interpreted. WEA Guidelines

are not, in themselves, binding on citizens; they are, however, based on regulations (Acts and Executive
Orders) that are binding. The Danish Working Environment Authority will take no further action in
situations where an enterprise, for example, has acted in accordance with the relevant WEA Guidelines.
The old WEA publications (i.e. WEA (previously WES) Guidelines/WEA (previously WES) Information
Notices) will be superseded by WEA Guidelines. There will be a transitional period during which certain
“old” WEA publications will still be applicable (i.e. WEA (WES) Guidelines/WEA (WES) Information
Notices). The “old” publications, like the WEA Guidelines, describe how to comply with working
environment legislation. Eventually, these older publications will all be superseded by WEA Guidelines.

In the following subsection reference is made to aforesaid regulation of the Danish Working
Environment Authority, if not mentioned differently.

2.4.5.1.  Lifting Equipment

According to the Order of the Danish Working Environment Authority No. 1101 lifting equipment must
be kept in a condition that ensures health and safety and must be inspected and maintained according
to the supplier's recommendations.

BSEE Offshore Wind Energy Inspection Procedure Assessment Page 74 of 730



2 ABS Group AFBSEE

2.4.5.2.  Fire Extinguisher

According to DS EN 3 the functioning of fire extinguishers has to be checked every 2 years.

2.4.5.3. PPE, Service Lifts, Ladders, Work Platforms, Fall Arrest System
The rules for technical equipment are laid down in the “Order on the design of technical equipment” as
well as in the “Executive Order on the Conditions at Permanent Places of Work”.

Before each use PPE has to be visually inspected with regards to proper conditions and functionality by
the individual user.

It is the turbine owner’s responsibility that the inspection of PPE, service lifts, ladders, fall arrest system
is done at least one time every 12 months.

2.4.54. Work Equipment

Requirements of work equipment are laid down in Executive Order on the Use of Work Equipment.

2.4.5.5. Offshore Operations

The Danish Working Environment Authority supervises the health and safety aspects of the offshore
installations (http://engelsk.arbejdstilsynet.dk/en/offshore.aspx).

2.5.U.S. Regulatory Requirements for Inspections, Audits & Evaluations

2.5.1. Federal jurisdiction
In the U.S., regulatory responsibility for inspections or audits or evaluations of offshore turbines
currently resides with BSEE. Originally, this responsibility lay with the Minerals Management Service
(MMS), which was then transferred to its succeeding agency, the Bureau of Ocean Energy Management,
Regulation and Enforcement (BOEMRE). But this responsibility has now been shifted to BSEE.

Occupational Safety and Health Administration (OSHA), Bureau of Ocean Energy Management (BOEM)
and the U.S. Coast Guard (USCG) are the other three federal agencies who have certain jurisdictional
oversights with OWF operations. OSHA still has authority over worker safety in onshore wind project
and in offshore wind projects in state waters. The USCG still has authority over the auxiliary vessels and
support vessels.

With the issuance of 30 CFR 585, the shift was toward BOEM, but the final responsibility is understood
to fall upon BSEE. This clarification of jurisdictional scope will need to be codified and published in the
CFR.

2.5.2. BSEE
The primary US code covering OWF in OCS is covered in Title 30 CFR Part 585. As stated above, this was
originally put within BOEM scope, but has shifted to BSEE. Furthermore, specific rulemaking is expected
to follow and will also be issued by BSEE in the future. This deeper elaboration should provide a clear
distinction of the roles and responsibilities of BSEE, and the expectations of each of the parties in the
OWF industry.
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2.5.3. OSHA
OSHA is part of the Labor department. This office was established by the Occupational Safety and Health
Act of 1970. It rules and regulations are published in the Federal Register under Title 29, Part 1910.
OSHA is the federal agency that covers worker health and safety issues in most industrial applications in
the U.S. But for offshore installation sites in federal waters, it has been deemed this responsibility lies
with BOEM and BSEE.

Even with the jurisdictional situation, the intent of the OSHA regulations is generally valid in the offshore
wind environment and should be considered when evaluating BSEE’s role in regulating this sector.

2.5.3.1. Confined Space
The section of the federal OSHA code that contains Confined Space procedures is Title 29, Section
§1910.146 — Permit-required confined spaces. This section contains requirements for practices and
procedures to protect employees in general industry from the hazards of entry into permit-required
confined spaces.

2.5.3.2.  Lockout/Tagout
The section of the federal OSHA code that covers Lockout/Tagout procedure is Title 29, Section
§1910.147 — The control of hazardous energy (lockout/tagout). This standard covers the servicing and
maintenance of machines and equipment in which the unexpected energization or startup of the
machines or equipment, or release of stored energy, could harm employees. This standard establishes
minimum performance requirements for the control of such hazardous energy.

2.5.3.3. Fall protection
The section of the federal OSHA code that covers fall protection procedures is § 1910.66, Appendix C—
Personal Fall Arrest System (Section I—Mandatory; Sections Il and IIl—Non-Mandatory). This standard

covers both the sets of the mandatory and non-mandatory criteria for personal fall arrest systems used
by all employees using powered platforms.

2.5.3.4. Electric Power Generation, Transmission and Distribution,
The section of the federal OSHA code that covers electric power generation, transmission and
distribution is Title 29, Section §1910.269 — Electric power generation, transmission, and distribution.
This section covers the operation and maintenance of electric power generation, control,
transformation, transmission, and distribution lines and equipment.

2.5.3.5. Walking - Working surfaces
The section of the federal OSHA code that covers walking and working surfaces is Title 29, Section
§1910.22 — Walking — Working surfaces. This section applies to all permanent places of employment,
except where domestic, mining, or agricultural work only is performed.

2.5.3.6. Personal Protective Equipment
The section of the federal OSHA code that covers PPE are the following:

e §1910.132, General requirements (PPE)
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§1910.133, Eye and face protection

e §1910.135, Head protection

e §1910.136, Foot protection

e §1910.137, Electrical protective devices

e §1910.138, Hand protection

e §1910 Subpart | - Appendix A, References for further information (Non-mandatory)

e §1910 Subpart | - Appendix B, Non-mandatory compliance guidelines for hazard assessment

and PPE selection

2.6.Japanese Regulatory Requirements for Inspections, Audits &
Evaluations

As of the end of 2013, Japan had constructed 1,934 land-based wind turbine units, with a total capacity
of 2,710 kilowatts. These wind turbines are designed, built, installed and maintained under the laws, the
Electric Enterprises Act and the Building Standards Act implemented by the Ministry of Economy, Trade
and Industry (METI). The Electric Power Safety bureau of METI who is responsible to the safety of the
wind turbine legally manages and controls both the land/sea bottom-based wind turbines. While the
floating wind turbines are now installed on the offshore of Fukushima shore/and in the bay of western
part of Japan as experimental basis for collection of the data, there are no definitive criteria for design,
building, installation and maintenance covering the floating wind turbine at this moment. As the floating
wind turbine is considered as a sort of floating vessel, the equipment/structures of the floater are to be
designed, built, installed and maintained for compliance with the Ship Safety Law that is issued and
maintained by MLIT.

As of today, METI requires the owner/electric company who operates the wind turbine to submit, “a
prescriptions for safety (operation of wind turbine).” The prescriptions specified the interval, scope and
inspection items of periodical inspection(s) for the wind turbine are to be developed by the
operator/the owner but there is no specific criteria issued by METI. However, after a few damages were
reported from the land-based wind turbine (e.g., damages in blade, nacelle and/or mast) consequently
induced whole collapse, METI is now considering to develop a regulation to specify the inspection
interval, inspection items, inspector’s license/equipment, etc. There are no specific regulations in
association with the inspections, audits and evaluations in Japan at this moment, as of January 2015.

Japanese Government (JG) is developing the regulations for the floating wind turbine in line with the
latest draft of IEC standards for the wind turbine. JG’s direction in the rule making would be the criteria
in the middle between those standards prepared by U.S. and Norway. They consider that U.S. standards
are too strict to the unmanned floating structure and the Norwegian ones are too rough for protection
of marine environment.

2.7.Review and Analysis of OWF Inspections, Audits & Evaluations
This section combines the inspection procedures listed under Section C.2.1.1.1, Section C.2.1.1.2 and
Section C.2.1.1.3 of BSEE’s work statement. In this section we perform a complete review and analysis of
inspections, audits, and evaluations that are currently performed on onshore and offshore wind farm

BSEE Offshore Wind Energy Inspection Procedure Assessment Page 77 of 730



components including MetMasts, OSPs, subsea cables and offshore and onshore WTGs. We observe
wind farms owners to resort to inspections in four occasions:

a. Compliance: Wind farm owners are obligated to ensure that the statutory inspections
are carried out in accordance with applicable regulations. The statutory inspections
requirements vary from country to country, but typical statutory inspections for wind
farms include inspections of hydraulic accumulators, passenger/service lift,
manual/hydraulic jib crane, electric hoist block, manual chain block, ladders, fall arrest
system, safety harness anchorage points, escape/rescue equipment, runway track,
lifting point, fire safety equipment, personal protective equipment and first aid
equipment.

b. End-of-Warranty: The wind farm owners require end-of-warranty inspections to be
carried out to assess the condition of their wind farm prior to the termination of
warranty contract with the WTG supplier/wind farm operator or in conjunction with
extended-service contract negotiations. A typical end-of-warranty contract involves
visual inspections of WTG components and further specialized checks such as full rotor
blade inspection, drive-train vibration analysis, gearbox videoscope inspection, oil and
grease analysis, SCADA data analysis, operational record analysis, corrosion assessment,
arc flash analysis and safety checks.

c. In-Service: In-service inspections are carried out either at the discretion of wind farm
owners or under operations and maintenance contract agreement or in accordance with
the project certification requirements. In-service inspections involve period checks on
operation and maintenance records, safety procedures and WTG components. In the
following section we provide further explanation on the nature of those inspections.

d. Incidents: Inspections involving failure investigation and root-cause failure analysis are
carried out following accidents or component failure in wind farms. A typical failure
investigation and root-cause failure analysis involves operation and maintenance
document review, on-site inspections, mechanical testing, laboratory tests and analyses,
data analysis, and forensic investigation in the case of catastrophic failures.

Unless there is a risk-based inspection program in place, which is not very common in wind energy
sector, a number of inspections, which are addressed in this section, are conducted periodically. While
statutory inspections are carried out in accordance with the applicable legislation of a given country, the
frequency and extend of the inspections vary depending on the requirements of wind farm owners. On
the other hand it is not uncommon practice to inspect at least 20% of the number of WTGs in a wind
farm particularly for offshore wind farms under project certification requirements; as after receiving
project certification it is compulsory to get a number of wind farms inspected in order to retain the
certified status of an offshore wind farm.

Regular in-service inspections are carried out in accordance with the conditions mentioned in
documents such as the WTG operation and maintenance manual. While some wind farm owners have
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their own in-house inspection teams, most of the in-service inspections are normally carried out by third
party companies mainly for two reasons; one being cost effective way of getting wind farm components
inspected and the other one is to ensure unbiased inspections.

The objective of statutory inspections is to ensure that all devices, which are subject to statutory
inspections, are fit for purpose and safe to use. Likewise the objective of in-service or end-of-warranty
inspections is to establish the condition of the turbine components and systems, the safety devices, and
the structural integrity of the entire wind turbine in order to ascertain whether the warranty conditions
are met and the likely consequences on the future operation of the wind turbine. Whereas the main
objective of failure investigation and root-cause failure analysis is to establish the underlying reason for
any failure whether it is mechanical, electrical, structural, and behavioral; which may result in
operational interruption, environmental or occupational accident.

In the following section we address inspections, reviews, audits and evaluations that are currently
performed as part of in-service inspections, end-of-warranty inspections, statutory inspections or failure
investigations on offshore wind farms.

2.7.1. Documentation of WTG
At a minimum the following documentations ae reviewed as part of the inspection, audits and
evaluations:

approval and/or certification reports

building permit

operating manual

commissioning record

maintenance checklist (maintenance records)

Inspection papers for hoist

reports of previous periodic monitoring or condition inspections
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prior oil analyses
documentation of modifications/repairs of the turbine and necessary approvals

J. warranty agreement
k. certificate of conformance

Those documents are checked with regards to:

a. completeness
b. compliance with requirements/ obligations
c. execution

d. performance of periodic maintenance
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2.7.2. Essential Inspection Scope

2.7.2.1. Rotor Blades
The visual inspections are carried out to determine the condition of each rotor blade by checking for
deformities and damages. The most cost effective way of carrying these inspections is by using
binoculars. However this inspection method may not be the most reliable way to assess the actual
condition of rotor blades. Hence it has become very common to carry out the rotors blade inspections
via rope access (see Figure 1), which has major safety implications unless performed in accordance with
rope access safety requirements. A typical rotor blade inspection involves visual checks for cracks,
blowholes, delamination, drainage, protective film and erosion at the leading edge, lightning protection
system and spark gap, as much as possible. If a major defect is detected, then the use of ultrasonic test
(UT) is performed on rotor blades. UT enables inspectors to detect major defects such as delamination,
gel-coat disbond, porosity all of which may cause major structural disintegration in rotor blades. During
the inspections, inspectors record any serious defect or damage by taking photos or saving UT
inspection readings in the UT equipment. The rotor blade inspection team size and composition is
normally between 2 or 3 inspectors when rope access technique is used. It is actually requirement of
IRATA that there should be a minimum of two rope access technicians per team, who should be capable
of carrying out their own rescue’>.

Figure 1 — Rotor Blade Inspection via Rope Access

%3 |RATA (International Rope Access Trade Association, The Application of Rope Access Methods in the Construction, Inspection,
Repair and Maintenance of Wind Turbines, UK, 2011
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2.7.2.2. Drivetrain
Different techniques are used to carry out inspection listed in the Table 4 — WTG Drive Train Inspections
below. One of those techniques is vibration measurement, which is commonly used, by installing

sensors (using magnets or glue) on the main bearing, gearbox, and generator. Measurements are taken
while the turbine is in operation in order to detect potential failures on bearings and toothing.
Furthermore, the vibration measurement enables to pin-point the defect or damage on the specific
component, and to detect a misalignment of the drive train between the generator and gearbox.

Assembly Inspections
a. Hub, axle journal and drive i Cracks, corrosion, paint
shaft ii.  Tightness of clamping set
b. Driven shaft Leaks, noise, wear, clearance
c. Bolted joint shaft — hub Corrosion, crack, mounting torque
d. Locking device (rotor) Function
e. Rotor bearing Noise, leaks, grease, sump pan, lightning protection

system, shaft nut

f. Gearbox Noise, visual inspection through inspection port,
wear of gear teeth, chips, scuffing, micro pitting,
contact pattern position, head assembly (spur gears,
planetary stages), deposits, leaks, oil quality and
specification, oil and filter change

g. Oil Supply Condition, function and cooling properties. Visual oil
level check, condition, frothing formation, mud,
accumulation, strainer fouling, oil pump function,
noise of heat exchanger.

h. Coupling and brake Visual function control, alignment and abrasion in
outage and in service

i. Hydraulic rotating unit Leaks, condition, support

j. Torque converter bearing | Condition of rubber elements, movement, mounting
position

k. Generator i Check for cracks, corrosion, air gap, bolts,
insulation
ii. Bearing noises, fastening at machine

footing, grounding, junction box, brushes
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Assembly Inspections

and carbonaceous abrasion, vibration,

alignment
I.  Cooling system Leaks, damages and connections
m. Safety devices, covers Condition and function

Table 4 — WTG Drive Train Inspections

Bore-scope is another technique to carry out WTG drivetrain inspections, which has been used for
determining gearbox problems in the wind energy industry. As stated by Andrew Engle*, its biggest
advantage is being able to capture pictures, which offer indisputable evidence of damage. However,
these visual inspections are not cheap. Typically, if a full visual inspection of a gearbox is performed it
will take around 6 to 8 hours to complete this process. Since two technicians are required to carry out
inspections for safety reasons, this equals 12 to 16 man-hours. On the other hand, teams that gather
vibration data need about two hours to complete their work, equaling a total of 4 man-hours. This
option saves money and allows the vibration team to gather data from multiple WTGs in a day. With
vibration analysis, all gear teeth and bearings can be examined since it records the frequencies
generated by all moving contact surfaces. This allows a more thorough inspection in about 30 percent of
the time.

The camera used with bore-scope inspections has limited access to certain components. Depending on
the gearbox type, a bore-scope camera can generally only access around 90 percent of the gear teeth
and only 30—40 percent of the bearing races and rollers. There are multiple reasons why gearbox
bearings are difficult or not possible to inspect. Some of these reasons include:

a. Anoil dam plate could be installed in front of the bearing,

b. The bearing’s cage is too close to the bearing race to allow camera access,

c. The bearing rollers are small and too close together for the camera to fit in-between,

d. The bearing is completely sealed off,

e. Large gears sit in front of the bearing, making it difficult to access.

2.7.2.3. Nacelle Cover and Force & Torque Transmitted Components
Nacelle cover and force and torque transmitted component are inspected damages, wear, corrosion,
leaks, functionality etc. as shown in Table 5 below.

54 Selecting the Right Drivetrain Inspection Technology, Andrew Engle, Wind Systems Magazine, Jan 2015,
http://www.windsystemsmag.com/article/detail/620/selecting-the-right-drivetrain-inspection-technology
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Assembly

Inspections

a. Nacelle cover, main
frame

Condition, corrosion, damages

b. Yaw drive/motors

— Function, damages, wear

c. Yaw bearing

— Lubrication, noise, corrosion, leaks

d. Yaw toothing

— Tooth chippings, lubrication, contact
pattern, wear

e. Yaw brake

— Leaks, wear

f. Locking device (yaw — Function

system)
g. Yaw plate — Condition, corrosion, damages, function
h. Crane — Condition, corrosion, damages, function

i.  Opening mechanism

— Condition. Corrosion, damages, function

j. Anchor and lifting points

Condition. Corrosion, damages, function

Table 5 — Nacelle Cover, Force & Torque Transmitted Component Inspections

2.7.2.4.  Hydraulic and Pneumatic System
Hydraulic and pneumatic systems of WTG, regardless of the type of technology and energy used, are

inspected as shown in Table 6 below.

Assembly

Inspections

a. Pump

Noises, leaks, shut down delay, temperature,
time for pressure build-up

b. Accumulator

Year of manufacture, residual pressure,
arrangement

c. Hoses and connections

Cracks, leaks, routing, rubbing, chafe marks

d. Oil reservoir

Volume, oil level

e. Rotating union

Condition, function

Table 6 — Hydraulic and Pneumatic Inspections

2.7.2.5. Tower and Foundations
Tower and foundations are inspected for structural integrity as shown in Table 7 below.
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Assembly Inspections
a. Foundation General condition, concrete integrity, damages,

cracks, corrosion, sealing joint, water drain

b. Grounding Connection, corrosion
devices

c. Tower incl. doors | Corrosion, cracks, ladder, bolted joints, paint

d. Tower installed Ladder assembly, visual inspection and function
equipment of fall protection, safety plates, anchor and lifting
points, platforms and railing

e. Sealing Internal and external grouting
f.  Repairs Integrity of repairs
g. Lightning Visual inspection

protection

Table 7 — Tower and Foundation Inspections

2.7.2.6.  Safety and Brake System
Safety and brake system of WTG are inspected for compliance, functionality, wear, damages etc.as

shown in Table 8 below.

Assembly Inspections
a. Safety device Function, compliance of limits, damages, wear
b. Mechanical brake i.  Calliper and pads: wear, air gap, springs,

corrosion, pressure, leaks
ii. Disc: profile, color, true running
iii. Function, activation time

c. Over-speed limit, | Function
emergency
button, short
circuit control

d. High speed Function, compliance of limits, damages, wear
locking devices

e. Cable twist Function, damages, wear
sensor
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Assembly Inspections

f. Res-Qsystem Function, compliance, damages, wear

g. Fire extinguishers | Compliance, damages, wear

Table 8 —Safety and Break System Inspections

2.7.2.7. Control System and Electrical
Control system and electrical components are inspected for functionality, wear, damages, corrosion,
connections etc. as shown in Table 9 below.

Assembly Inspections

a. Wind vane and Visual inspection, function
anemometer

b. Control cabinets Structure, damages, corrosion, paintwork,
electric shock protection, grounding, ventilation,
attachment, cable routing, chafe marks, arcing
evidence, leeks, drainage.

c. Control system Function, plausibility, limit values, error messages
d. Cable harness Cracks, damages, connections
e. Transformer i.  Stationis protected against intrusion of
station / medium water, animals and plants
voltage cabinet ii. Lock and safety plates

iii. Personal safety equipment

iv. Information plates

V. Transformer attachment, presence of
circuit diagram of transformer station

f. Cabling Damages, corrosion, wear, twisting, chaff marks,
attachment arcing evidence

g. Emergency Function, damages, corrosion
lighting

Table 9 — Control System and Electrical Component Inspections

2.7.2.8.  Analysis of the Lightning Protection System
The inspections and measurements on the functionality of the lightening protection system are carried
out according to the relevant standards and requirements. The measurements typically include the
lightening conductor from the hub and drive train, the tower, to the foundation and into the ground.

BSEE Offshore Wind Energy Inspection Procedure Assessment Page 85 of 730



ABS Group AFBSEE

2.7.3. Condition Monitoring

&

2.7.3.1. General
Condition monitoring is an integral part of the in-service or end-of-warranty inspections of WTGs. It is
used to determine the technical status of the wind turbine, to detect and specify embryonic damage and
to help to avoid secondary damages by early detection of faults. In practice, as it becomes necessary to
get more sophisticated information, the condition monitoring inspection scope usually gets extended by
specific techniques such as vibration measurement of the drivetrain in combination with oil analysis of
the generator bearings and video endoscope inspection of the gearbox.

2.7.3.2. Premises of Inspection
Inspection companies normally require access to the following for the condition monitoring inspections:

appropriate access to WTG

service manual

maintenance records and oil inspections

operating manual

building permission, type approval or individual approval documents
declaration of conformity

installation and assembling records

S 0D o o0 T W

records of commissioning

reports of previous inspections
j. the kinematics data of the drive train

Inspection companies check those documents for:

a. completeness
b. compliance with requirements/ obligations
c. execution

d. performance of periodic maintenance

2.7.3.3.  Scope of Condition Based Monitoring
The main objective of this inspection is to ascertain the condition of drivetrain. A typical inspection
report includes results from the visual check, vibration measurement, video endoscope inspection, and
oil/grease analyses. When irregularities and initial damages are identified, the inspectors normally
assess the condition of the concerned parts in relation to the designed life and make recommendations
for maintenance practices and frequencies in accordance with corrective maintenance approach.

2.7.4. Typical Inspections for Asset Valuation
It is generally observed that when a wind farm is subject to acquisition, or insurance renewal, the
interested parties or underwriters require further detailed inspections to be carried out in order to
determine the safety and operational fitness of a wind farm. Those inpections normally include:
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Rotor blade inspections

Video endescope inspections

Vibration analysis

Oil analysis

Thermographic investigation of electrical components
Additional investigations/analyses

S0 a0 T W

2.7.4.1.  Rotor Blade Inspection via Rope Access
Rotor blades one of the WTG components that are subject to major wear and tear and structural
damages as they are highly exposed to environmental conditions. The rope access techniqgie is
commonly used for rotor blades inspections for ofsshore wind farms. These inspections cover the
elements listed in Table 10 below:

Assembly Inspections

a. Blade body Visual control regarding cracks, blowholes,
delamination, drainage, protective film and
erosion at the leading edge, lightning protection
system and spark gap

i Flow elements, like Turborills,
Vortexgenerators, Stallstripes and
Gurney Flaps (where applicable)

ii. If technically possible, the blade will be
checked from inside (this should be
possible for approximately 1/3 of the
length of the blade)

b. Blade sealing Oil in the blade, lightning protection system on

to hub blade
c. Extender Corrosion, bolting, weld seams
d. Blade i Bearings, greasing, mechanism
adjusting allowance, leakages, tooth bearing,
device torque rod, oil in the blade
ii. Locking device and fixing of cabinets
iii.  Attachment of cabinets
e. Cable twist Function
protection
f. Spinner Condition, corrosion, damages, function
support
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Assembly Inspections

bracket and
structure

Table 10 —Rotor Blade Inspections

2.7.4.2. Video Endoscope Inspection
The most common technique for detailed gearbox inspection is the internal video endoscope technique.
Video endoscope inspections of the accessible gearbox toothing and bearings are normally carried out
either in parallel to vibration measurement or as a result of vibration measurement or oil analysis
findings. Video endoscopy allows damaged gearbox parts to be visually inspected to obtain a clear
portrait of their exact condition; therefore it is highly beneficial in determining the structural integrity of
a gearbox, which directly affects the performance and operational safety of a drivetrain.

2.7.4.3. Vibration Analysis
For the vibration measurement solid borne sound sensors are applied (there are attached to the surface
with magnets or glue) on the drive train components namely main bearing, gearbox and generator.
Unlike in other WTG inspection routines where the WTG must be shut-down to ensure safe inspections,
in this particular inspection method the wind turbine must run at a minimum of 10% - 20% of the rated
power during vibration measurement in order to get meaningful results. This measurement takes up to
five minutes.

Following the vibration measurements, collected data is analyzed to detect possible failure frequencies
of bearings and toothing by a vibration specialist. Data gather in this measurements enable vibration
data analyst to detect failures at bearings and toothing and also determine misalignment between
generator and gearbox in the drive train. Including the following minimum data, the kinematic data of
drive train’s components and WTGs are required for a complete vibration measurement analysis:

a. Main bearing: type, designation and manufacturer,
b. Gearbox and gear bearings: type, designation, manufacturer, design, meshing frequency of
all the gearwheels and pinions,

c. Generator and generator bearings: type, designation, manufacturer.

If the kinematic data is not available for the analysis, the video endoscope inspection of the gearbox can
compensate for the missing information partly and assist in providing a statement regarding the gearbox
conditions.

The analysis of the main bearing and generator is possible without having the kinematic data but in this
case a higher degree of uncertainty tends to persist in relation to the results and recommendations.
Therefore analysis of the gearbox oil is normally recommended as an additional analysis to complete the
gearbox inspection depending on the results of the vibration analysis.
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2.7.4.4. Oil Analysis

For WTG gearbox, wear debris particle analysis is a strong tool to predict mechanical failures. The
technique isolates wear particles from machinery and classify the debris by microscope combined with
chemical analyses. Testing of used oil is a preventative maintenance tool that operates as an early
warning system. By utilizing this method it is possible to detect failures at the planetary stage of the
gearbox. This analysis compensate for the weakness in the vibration measurement, which cannot
reliably detect damages at the planetary stage because of overlapping frequencies of several parts. An
investigation of shape, surface, size and colors can identify the alloy and the number of particles to
determine if wear is severe. By this examination, it is possible to identify if particles come from cutting
wear, severe sliding or fatigue. Their origin might also be from ingress from the surroundings like sand or
dust. The oil analyses include the following checks:

a. appearance

b. particle counting — SAE 4059/1SO 4406-99

c. water by Karl Fisher titration

d. viscosity at 40°C ASTM D445

e. viscosity at 100°C ASTM D445

f. viscosity index

g. Total Acid Number (TAN) — ASTM D 664

h. Metals by ICP ASTM D5185

i. WPI(Wear Particle Index)

Once the oil analyses results are obtained, a report with recommendations is prepared on the condition

of the gearbox.

1.1.1.1. Thermographic Investigation of Electrical Components
Thermographic investigations are conducted on the following systems WTGs.
a. Main breaker
b. Cooling systems (to check for blockages resulting in hot spots)
c. Air bushing connections

d. Transformer tank (with emphasis on the gasket areas)

2.7.5. Damage and Failure Investigation / Analysis
The following steps are typically taken for a thorough damage investigation as part of root-cause
analysis following a component failure or accident resulting in operational failure, injury or fatality in an
offshore wind farm.

a. Inspection of the damaged wind turbine / component
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b. Documenting of the condition of the inspected wind turbine / OSP /MetMast component

c. Investigation on the root cause for the damage

d. Issuing an damage investigation report

2.7.6. Statutory Inspections
As we stated earlier, the statutory inspections requirements vary from country to country, but typical
statutory inspections for wind farms include the pressure systemes, lifts, anchor points, davit crane and
other cranes in WTGs, OPSs and MetMasts. Specifically the components that are subject to statutory
inspections are as following:
a. Hydraulic Accumulators
b. Lifting Equipment
i Passenger/Service Lifts

ii. Lifting Points/Beams

iii. Electric Hoist Block/Tool hoist

iv. Manual/Hydraulic Jib Crane
V. Manual Chain Block
vi. Safety Harness Anchorage Points

c. Fire Extinguishers/Fire Safety Equipment
d. Ladders/Runway track
e. Personal Protective Equipment

i Escape/Rescue Equipment

ii. Fall Arrest System

f.  First Aid Equipment

2.7.7. MetMast Inspections
As integral part of offshore wind farm MetMast also require regular inspections. We addressed the
safety related inspection requirements within the statutory inspection above. While some MetMast
owners engage companies to conduct regular inspections via conventional inspection methods, some
others resort to new technology to facilitate inspections in recent years. In 2014, Forewind, which is a
joint venture between RWE, SSE, Statoil and Statkraft, used a company to conduct MetMast inspections
via a remote-controlled drone with four helicopter-like rotors, weighing no more than two kilograms
and equipped with a camera to inspect Forewind’s meteorological masts located more than 130
kilometers from the UK coast.

The innovative inspection technique is adopted from the oil and gas sector where remotely operated
aerial vehicles (ROAV), as they are known in the industry, are employed to assess offshore components
that are difficult or risky to access.
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Operated by a two-man crew sitting safely on a nearby vessel, the ROAV was flown to the Forewind
meteorological masts (see Figure 2) by a dedicated ‘pilot” while an inspection engineer controlled the
camera and took photos and video of the lattice towers and platforms of both Dogger Bank MetMasts.

Figure 2 — MetMast Inspection with Drone®

Following the data collection, the high-definition images were then assessed to inspect the structure of
the lattice tower, evaluate the bolt connections and review the overall state of the masts. The
information was used to prepare for a scheduled maintenance trip. Forewind Operations and Safety
Manager said the inspection technique reduced the health and safety risks associated with transferring
to the platform from a vessel, or climbing up the towers to work at height.

This inspection technique can be used more widely across the offshore wind industry to make efficiency
gains and reduce health and safety risks during operation and maintenance phase of offshore wind
farms.

2.7.8. OSP, Subsea Cable Inspections
OSP components are inspected in accordance with applicable standards and regulation, component
manufacturers’ operations and maintenance manuals. Inspection companies normally require access to
the following for the inspections:

a. appropriate access to OSP
b. service manual
c. maintenance records

%5 hitp://www.forewind.co.uk/news/104/34/Remote-controlled-drone-inspects-met-mast.html
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operating manual

declaration of conformity
installation and assembling records
records of commissioning
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reports of previous inspections
Inspection companies check those documents for:

completeness

a
b. compliance with requirements/ obligations
C. execution

d

performance of periodic maintenance
Inspections are carried out on the following aspects of the OSP:

Functionality of equipment (damage, wear and tear)

Structural integrity of top side and substructure(corrosion, cracks)
Transformer, electrical equipment and cables

Fire and explosion protection system

Maintenance of access, escape and evacuation routes

Crew transfer safety (by boat and helicopter)

Safety and warning signage

Insulating matting and/or platforms
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i. Lifesaving or intervention kits (portable or wall mounted)
g. Voltage detectors
h. Earthing kits

Subsea cables also get inspected periodically particularly in offshore zones that have extensive marine
traffic, which increases subsea cable damage risk due to accidental anchoring, and also in areas that
have dynamic environments such as shifting sands® where subsea cables get exposed and covered again
with the moments of sand, and even in the hard-bottom areas which may cause damage to subsea
cables over time.

Subsea cable inspections require monitoring of cable burial depth over time, which is normally tracked
alongside the cable electrical testing properties and general site seabed movement monitoring. Subsea
cable inspections also include checks on the cable ends as they enter the j-tube or foundations.

Typical subsea cable inspections consist of acoustic surveys and ROV inspections for condition
monitoring including cable depth of burial. For subsea cable inspections, sensors are used to determine
the horizontal position and condition of the cable, so that they are accurately mapped and recorded.

% This phenomena is commonly observed in the Scroby Sands Offshore Wind Farm, which is located on the Scroby Sands
sandbank in the North Sea, 2.5 kilometres (1.6 mi) off the coast of Great Yarmouth in eastern England, United Kingdom.
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Multi-beam echo sounders are used to provide a complete overview of a wind farm site, both in terms
of water depths and seabed morphology when used in conjunction with previous datasets. Side scan
sonar data collected during survey operations are used to identify cable exposures, freespans and
contacts occurring within the boundaries of the surveyed areas, in addition to providing information on
seabed material types and sedimentary features.

Subsea cable inspections are carried out by using free-flying and tracked ROVs equipped with dedicated
cable trackers to accurately determine the relative depth of burial for cables. All systems are mobilised
with internationally recognized TSS cable trackers, for both active and redundant cables, which provides
accurate and reliable information on the vertical position of cables.

2.7.9. Reporting
Following an inspection, audit, evaluation or investigation, the inspector prepares a report for each WTG
or OPS component. It is also common to see a summary inspection report prepared for the entire wind
farm when inspections are carried out as part of end-of-warranty or technical due diligence process. A
typical inspection report includes the following:

a. The report, which includes photos, measurements, data and analytic assessment, where
applicable, elaborating on inspection results, status and conditions of the inspected
components. A typical inspection highlights the technical assessment results, compliance issues
and ranks these into major and minor ones with relevant comments.

b. Report also includes results of any measurements, which may be taken during the inspections, in
a form of attachment.

c. The report is completed with recommendations for corrective actions and preventative

maintenance practices for reliable and safe operations.

2.8.Current Offshore Electrical Service Platforms Inspections, Audits &
Evaluation Practices

In this section we address what inspections, audits, and evaluations are currently performed and/or
required on offshore substations/offshore electrical service platforms.

As OWFs have grown larger and further from shore, offshore substations have become a necessary
addition to the system design. However there are still very few regulations, standards, and guidelines to
provide a framework for the design, installation, and long term management of these installations.

2.8.1. DNV-0S-J201
In 2014 Det Norske Veritas (DNV) (now part of Det Norske Veritas and Germanischer Lloyd [DNVGL])

published the Offshore Standard DNV-0S5-J201 Offshore Substations for Wind Turbines. A summary of
the requirements of this standard are given in the following paragraphs:

General Requirements for the Offshore Substation:
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Meet functional and operational requirements

Reduce the effects of hazards

Separate areas of different hazard and/or danger level

Prevent escalation of hazardous events

Minimize the consequences of fire and explosion as low as reasonably practicable (ALARP)
Facilitate escape and evacuation

O

Meet additional requirements due to its function as an offshore structure
Objectives of construction design:

a. Outline a realistic project program with adequate time for planning and execution
Early identification and reduction of risks

c. Minimize work required offshore by completing work onshore including (partial)
commissioning and testing

d. Facilitate co-operation between parties involved in construction

A risk based construction design shall be adopted in the design process considering safety,
environmental consequences and total life cycle costs.

2.8.1.1.  Installation Inspections
Warranty Survey during the sea transport and installation are recommended to satisfy insurance and
owner requirements.

2.8.1.2. Operating Inspections
Operating Inspections are recommended covering the entire installation including:

a. Accessibility for inspection and maintenance
b. Test of emergency response systems

The Operating Inspections are required to be defined based on:

Applicable codes and standards

Manufacturer required inspection and maintenance scope and frequency

Design lifetime of structure, systems and components

Site conditions, see Sec. 4 [2.3]

Deterioration processes

Knowledge based on design and technology

Experience gained from similar installations; historical inspection and maintenance data
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Access and transfer options, see Sec. 7
The DNV guide also allows for development of a risk-based inspection program.
The inspections should include

a. Visual inspection
b. Non-destructive testing

BSEE Offshore Wind Energy Inspection Procedure Assessment Page 94 of 730



ABS Group AFBSEE

c. Instrumentation and condition monitoring

Corrective maintenance

2.8.1.3.  Structural Components above Water
Dents and deformation

Fatigue cracks

Bolt pretension

Corrosion

Marine growth

Foundation structure

Platform decks, walls and appurtenances
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Walkways, stairs, ladders
J-tubes, fenders, pipework
Lifting appliances

~ =

Helicopter deck

Main and auxiliary transformer(s)
. Emergency Pushbuttons and Shut Down Systems
High and medium voltage switchgear

© 5 3

Emergency power generation equipment (diesel generator, batteries, Uninterruptible Power
Supply [UPS])

p. Auxiliary power supply, heating, ventilation, and air conditioning (HVAC) equipment and
similar facilities

g. Cables

r. Earthing

s. Measurement, monitoring, control (parameters and settings) and protection systems.
t. Cable terminations

u. Cable burial to design depth shall be verified

2.8.1.4.  Fire protection systems
In accordance with national and local regulations.

2.8.1.5. Helidecks

a. Helicopter deck free from oil, grease, snow, ice, surface water and other contaminants
b. Landing net
c. Perimeter safety netting
d. Tie-down points
e. Wind indicator
f.  Perimeter and flood lighting
g. Fuel system installation and earthing
2.8.1.6.  Safety and Emergency Response System
a. Emergency lighting
b. Communication systems
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Rescue equipment

Fall arrest systems
Personal safety and protection equipment
Markings, warnings, and identification panels
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2.8.2. DNV-0S-D201
In 2011 DNV (now part of DNVGL) published the Offshore Standard DNV-0S-D201 Electrical Installations.
Some of the requirements of this Offshore Standard can also be applied to Offshore Substations in Wind
Farms. A summary of the requirements of this standard are given in the following paragraphs:

2.8.2.1. Switchgear
Factory Testing

a. Documentation

b. Function test: all basic functions, including auxiliary functions, shall be tested

c. Insulation resistance test

d. High voltage test

e. Visual inspection of switchboards and assemblies creepage and clearance distances, Ingress
Protection (IP) rating, ventilation and quality of materials and components

f.  Function testing of circuits per as built document

g. Control and protection shall be tested for correct functioning
Onboard testing

Complete function

Power frequency

Insulation resistance tests

Voltage test between the circuits and between live parts and the enclosure
Insulation resistance

Power frequency test for high voltage assemblies
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2.8.2.2.  Rotating Machines
Factory Test

Documentation
Air gap

Visual

Enclosure
Overspeed
Withstand voltage
Winding resistance
Temp rise
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Insulation resistance
No-load and overload current

—_— =
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k.  Short circuit

Onboard test
a. Fullload starting and running

2.8.2.3. Transformers
Factory test

Type Test (TT) and Routine Tests (RT), documented, RT ref TT
Enclosure

Insulation resistance

Terminations

Winding resistance

No load voltage

Short circuit impedance

No load loss

Withstand voltage

Temp rise

S@m 0 o0 T o

~ = -

Partial discharge

2.8.2.4. Converters
Factory Test

TT and RT, documented, RT ref TT
Documentation

Visual

Function

Input voltage and frequency tolerance
Stored energy

Insulation test high voltage

Sm o a0 T W

Insulation resistance
Rated current full load test
Temp rise

~ = -

Control and monitoring

Short circuit

. Capacitor discharge
Coolant Pressure test
Cooling failure test

T o =2 3

Fault tests
Onboard tests

a. Complete function test in all load conditions
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2.8.2.5. Cables

Factory Tests
a. RTand Product Sample Tests (PSTs)
b. Physical properties
c. Electrical resistance
d. Voltage test
e. Insulation resistance
f.  Insulation properties
g. Heatresistance

Onboard Tests (installation/commissioning)

Installed per design documentation

No hazard to life

No fire hazard

Function as required for safe and correct operation
Ventilation

Ingress and egress

Escape routes

Sm 0 o0 T o

Earthing

Voltage withstand test of installed cables
Insulation resistance test of installed cables

~ =

Frequency test at full load

Functional test of all critical equipment
. Protective functions
Alarms and indicators
All control modes
Full load test of system to stable temperature rise
Voltage drop measurement

-8 T o 35 3

Battery function
Harmonic measurement

(%]

2.9.Current Offshore Electrical Transmission Cables Inspections, Audits &
Evaluation Practices

In this section we address what inspections, audits, and evaluations are currently performed and/or
required on electrical transmission cables, particularly subsea transmission cables.

Several general guidelines and standards exist for subsea power cables, such as Institute of Electrical and
Electronics Engineers (IEEE) Guide for the Planning, Design, Installation, and Repair of Submarine Power
Cable Systems.
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In addition, in 2014 DNV (now part of DNVGL) published a recommended practice specifically for subsea
cables connected to OWFs, Recommended Practice DNV-RP-J301 Subsea Power Cables in Shallow Water
Renewable Energy Applications. Excerpts from this document follow:

2.9.1. DNV-RP-J301
Manufacturing inspections

Correct identification, documentation and use of materials

Qualification and acceptance of manufacturing procedures and personnel

Inspection of preparatory work

Inspection of manufacturing work for compliance with specifications and procedures
Witnessing of testing

Inspection of repairs

R

Examination of testing equipment and/or measuring/recording devices vital for correct
functioning of equipment and machinery used in manufacturing.

The as-built survey should include the following, as applicable:

a. Position of the cable, also with regard to permitted tolerances of the cable route
Depth of lowering and/or depth of cover, as applicable, if not ascertained during burial
operations

c. Location of any areas with observed scour or erosion along cable route
Identification and quantification of any free spans with length and gap height

e. Description of previously unidentified wreckage, debris or other objects which may affect
the cable system, if applicable
Location of damage to cable (if applicable)

g. Video documentation of the subsea cable system interfaces at offshore units, if applicable
and required

2.9.1.1. Testing
Before a cable system is considered ready for operation or put into service, it should be visually
inspected and tested. Inspection and testing activities may include the following:

a. Visual inspection: May include routing and fixing in offshore units and termination
(mechanical, electrical) of the cable in accordance with the specification. This also applies
after modifications and alterations.

b. Non-electrical tests: May include an Optical Time Domain Reflectometer (OTDR) test after
installation, provided that the power cable contains optical fibres or is bundled with a fibre
optic cable. The number of fibres to be tested should be agreed.

c. Electrical tests: Should include a high voltage test after termination.

The combination of tests to use for a particular subsea cable system should be specified and the
responsible parties should be agreed.
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2.9.1.3.
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2.9.1.2.

Asset management system
The cable owner/operator shall establish and maintain an asset management system which complies

Monitoring and inspection
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A list of potential cable tests during the operational phase are provided in Table 11 below.

Table 7-1 Potential cable tests during the operational phase

Cableparameters

Methad Reguirements Online / affline monitored Limitations Recommendation
Power flow Voltage / current |online Electrical power. |Point High
measurement transformers at (estunated measurement(s)

cable end(s). temperature r1se)
SCADA system
Distributed Optical fibre online Temperature I, | Several tens of | Medium =)
temperature mside / at / near current rating kilometres,
sensing (DTS) cable. through real-time |resolution better
measurement thermal rating. than 2-3 m and
system at one/ wference of =1KD
both cable end(s) degree of burial
protection
Distributed strain | ({Special) optical | online Mechanical stress | Several tens of  |Low
sensing (DSS) fibre mside / at / on cable. e g free |kilometres. no
near cable. spans established track
measurement record
system at one
cable end
Partial discharge |Permanent or online / offline Insulation Up to several Low
(PD) momtoring | temporary performance kilometres,
measurement limited use at HV
systeny. “low (except
noise’ termuinations), no
environment established track
record 1n this
application
Sheath mtegrity | Non-conducting | offline Water mgress, Outage and Low
check cable sheath msulation access for
material, performance measurement
disconnectable required
earthing,
temporary
measurement
system

1) Temperatures differ at the various construction elements within a power cable. Sensing by optical fibres within or near the
power cable are indirect measurements of the conductor temperature. Calibration and modelling are required to establish the
relationship between optical measurement and power cable core temperature.

2} Better resolution can be achieved for shorter lengths.
3) Commonly used in export cables.

Table 11 - Potential Cable Tests during the Operational Phase

2.9.1.4.

Periodic testing

a. Cable and cable environment temperature

b. Partial discharge

c. Cable sheath leakage currents
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2.9.1.5.  Periodic inspections
A cable verification survey is a survey to determine the position and condition of the cable system and
its components. Data from the as-built survey ([6.8]) can normally be used; otherwise, specific
inspections should be completed within one year from start of operations. In case of significant changes
after this first inspection, the need of additional inspections should be determined.

A detailed external inspection plan including specifications for the inspections shall be prepared for each
survey. The detailed inspection plan should be updated based on previous inspections as required.
External inspection shall be carried out to ensure the design requirements remain fulfilled and that no
damage has occurred. The inspection program should, as a minimum, address by means of general
inspection under water:

a. Exposure and burial depth of buried or covered cables, if required by design, regulations or
other specific requirements

Free spans including mapping of length, height and end-support conditions

Condition of artificial supports installed to reduce free span

Local seabed scour, settlement, subsidence or instability affecting the cable integrity
mega-ripple/sand wave movements affecting the cable integrity

Cable settlement in case of exposed sections

The integrity of cable protection covers (e.g., mattresses, covers, sand bags, gravel slopes,
etc.)

@m0 o0 T

h. Mechanical damage to cable
i. Major debris on, or close to, the cable that may cause damage to the cable
Functionality of supports and guides and integrity issues (e.g., cracks in welds)

—

k. Damage or displacement (e.g.,-due to vessel impact or foundation settlement)
I.  Corrosion (e.g., of J- or I-tubes)

m. Damage to coating

n. Extent of marine growth

2.9.1.6.  Security surveillance
Depending on the risk profile along the cable route, active security monitoring of specific sections may
provide effective mitigation measures that may be considered include the following:

a. Electronic monitoring by means of radar (based on land or offshore unit), by review of vessel
monitoring system data (e.g., fishing vessels) or by analysis of Automatic Identification
System (AIS) data (e.g., larger vessels)

b. Sea patrol in high-risk areas

c. Terrestrial patrol of land cable section (e.g., during nearby construction activities)
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2.9.2. Fault detection and location

2.9.2.1. General
Survey results and operational data of a cable should be reviewed for indications of problems.
Measurement systems such as power quality and DTS may provide useful information on the
operational history and overload conditions that could cause failure, see [7.3.1].

2.9.2.2. Cable location
The cable route shall be ascertained by the documented and charted as-built information, subsequently
confirmed by inspections during the Operation and Maintenance (O&M) phase.

The location of cables may be confirmed by as-built survey methods and/or geophysical methods.

2.9.2.3. Fault location

Except where the fault location is obvious, several methods should be employed to locate a fault in a
cable. Often a combination of coarse and fine location methods is advisable. For coarse location of a
fault, measurements from both ends of the cable should be performed, where feasible.

2.10. Subsea Structural Components, Scour Protections and Inspections

In this section we address whether subsea structural components and scour protection are inspected.

2.10.1. DNV Guidelines

According to DNV 0S J101%, it is required for structures below water and submerged power cables to be
inspected periodically in order to assess and evaluate their condition. General visual underwater
inspections can be carried out using an ROV (Remotely Operated Vehicle), whereas close visual
underwater inspections require inspections carried out by a diver.

Periodic inspections and monitoring are required to maintain the project certificate for an offshore wind
far according to DNV rules. The periodical subsea inspections are to be carried out in accordance with a
long-term inspection plan, and the scope should be sufficient to provide evidence whether the
structures or structural components continue to comply with design assumptions stated in the
Certificate of Compliance issued by the Certifying Authority.

The offshore inspections typically would include tests and inspections on site as well as an assessment of
the findings in order to distinguish between random failures and systematic failures.

The interval between inspections of critical items should not exceed one year. For less critical items
longer intervals are acceptable. The entire wind farm should be inspected at least once during a five-
year period, however DNV OS inspection intervals for subsequent inspections should be modified based
on findings.

*” Section 13

BSEE Offshore Wind Energy Inspection Procedure Assessment Page 102 of 730



ABS Group AFBSEE

2.10.2. GL Guidelines

GL Guidelines for the Certification of Offshore Wind Turbines® specifies that periodic inspections must
be performed on the support structure (tower, substructure, and foundation). Inspections should focus
on corrosion, corrosion protection (including cathodic protection), marine growth, any damage,
deformation, or spalling of the support structure, cracks and abrasions. Cleaning of the surface may be
necessary in order to perform inspections. The location and extent of corrosion control devices and their
effectiveness must be assessed.

For areas within the splash zone, a visual inspection can be performed, however, if damage is found
further down, then diver inspections are recommended. For areas where excessive corrosion is evident,
plate thickness measurements may be required.

In addition to the above, GL guidelines require that the scour protection, seabed level and underwater
and splash zone structure are to be inspected. GL guidelines outline different schemes for the design of
the scour protection system®, which differ in their inspection requirements. The intervals between
inspections are to be defined in the inspection plan by the operator and agreed upon with the
Certification Authority.

2.10.3. IEC Guidelines

Regarding subsea inspections, IEC 61400-3 requires the inspection and possible removal of marine
growth, as well as maintenance of the scour protection system to be listed in the maintenance manuals
for offshore wind turbines. The corrosion protection system shall also be subjected to an inspection
program.

2.10.4. ABS Guidelines
The ABS Guide for Building and Classing Bottom Founded Offshore Wind Turbine Installations®® requires
annual surveys of the above water structure. When significant deterioration or damage is evident since
the last survey, an examination of the underwater structure either by diver, underwater camera,
submersible or other suitable means must be undertaken. This examination is to include the underwater
structure, the scour protection, the sea floor, and the corrosion control system. These inspections are to
be undertaken by the owner monitored by a surveyor.

%8 Section 11.1
%9 Section 6.7.7.4

& Chapter 1 Section 3
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2.10.5. API Guidelines
The API RP-2A - Planning, Designing, and Construction Fixed Offshore Platforms — Working Stress

Design® is a crucial standard in the offshore oil and gas industry. Chapter 16 is specifically dedicated to
inspection of offshore structures. It should be noted though that this standard utilizes the Working
Stress Design (WSD) engineering methodology which is common in the oil and gas industry. Offshore
wind generally utilizes the Load Resistance Factor Design engineering methodology.

2.11. Inspection Scale

In this section we address whether all turbines in a wind farm are inspected/audited/evaluated or if they
are performed on a sample of turbines. Where we find that such sampling occurs, we address what
sampling method is used (e.g., randomly, by class).

Inspections shall be carried out at regular intervals on the basis of an agreement between applicant and
certification/authorization body and/ or insurance company. The agreement shall specify the interval
frequency and the extent of the surveillance. The interval frequency depends on the number of
structures in a wind farm and also on the design and the specific environmental conditions.

For single wind turbine structures and for wind farms comprising only a few wind turbine structures, it
may be feasible to define rigid inspections programs with requirements to annual inspections and other
periodical surveys which cover all turbines and structures in a wind farm. For large numbers of wind
turbine structures in large wind farms, such rigid inspections programs will be far too comprehensive to
carry out, and inspection programs defined from risk-based inspections planning are recommended. In
wind farms with many series manufactures identical or almost identical structures, it suffices to carry
out inspections on a few representative structures per year only®*.

For offshore wind farms a long term inspection program has to be prepared, in which all disciplines and
systems to be covered by the program are specified. Certification Bodies like ABS®®> or DNV, now known
as DNV-GL, recommend continuous inspections applied annually to a minimum of 20% of the Offshore
Wind Substructure Installations in the Wind Farm.

In German waters the Bundesamt fiir Seeschifffahrt und Hydrographie (BSH), the German authorization
body for offshore construction, request periodical inspections of the entire system (turbine and support
structure) to be performed annually on 25% of the installations of the offshore wind farm, so that all
offshore wind turbines will have been inspected after each block of four years. In addition the BSH
request that 10% of the offshore wind turbines needs to be monitored by means of a suitable Condition
Monitoring System. Central structures such as the transformer substation shall be inspected annually,
whilst deviation from the annual inspection is permitted for other individual structures.

1 API RP-2A, Chapter 16
®2 Offshore Standard DNV-0S-J101, September 2011

% Guide for Building and Classing - Bottom-Founded Offshore Wind Turbine Installations, ABS, 2013, Houston
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For onshore wind turbines in Germany the inspection interval is related to the individual license, the

type certification and the surveyor’s statement. According to the “German Center of Competence in Civil
Engineering®” the inspection interval shall not exceed 2 years (but there is an opportunity to extend it
to 4 years, if the monitoring of the wind turbine is warranted via authorized experts).

We recommend BSEE to demand offshore wind farm owners to have continuous inspections applied
annually to a minimum of 20% of the Offshore Wind Substructure Installations in the Wind Farm
combined with a condition monitoring program where in minimum 10% of the offshore wind turbines
are equipped with suitable CMS.

2.12. Documentation of Results of Inspections, Audits and Evaluations

In this section we address how the results of inspections/audits/evaluations are recorded and how
deficiencies are addressed.

The inspection, audit or evaluation report shall be written and signed by the technical expert — who
actually carried out the inspection, audit or evaluation. The report shall contain the following
information at least:

- Manufacturer, type and serial numbers of the wind turbine or component in question (e.g.
tower, foundation, gearbox, rotor blade, etc.)

- Location (site) and operator of the wind turbine or name and address of the manufacturer site

- List of documents (incl. name, document number, revision, etc.) which were reviewed for/
during the inspection

- Date of erection, commissioning, last service/ maintenance and inspection

- Operating hours and total energy produced

- Date, time and climate conditions (e.g. weather, sea conditions) on the day(s) of inspection

- Persons (name, function) present at the inspection

- Detailed description of the inspection scope incl. any references

- Reason and aim of the inspection

- Remarks and damage/ deficiencies found, if possible photos are to be taken and used to
describe the findings in more details

- Result and recommendation of the inspection

The results, the deficiencies found and the necessary conditions and restrictions shall be stated on the
first page of the report.

The report shall also prescribe a timeframe for competent repair or further investigation and state a
date for the next inspection.

& “Richtlinie fiir Windenergieanlagen - Einwirkungen und Standsicherheitsnachweise fir Turm und Griindung” of the “German
Center of Competence in Civil Engineering”, https://www.dibt.de/en/DIBt/DIBt.html
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The following federal code refers to the inspection activities that BOEM is responsible for, but this
responsibility is now under the scope of BSEE.

30 CFR 585 — Renewable energy and alternate uses of existing facilities on the OCS

Subpart H — Environmental and Safety Management, Inspections, and Facility Assessments for Activities
Conducted Under SAPs, COPs and GAPs

§ 585.833 What are the reporting requirements for incidents requiring written notification?

a) For any incident covered under § 585.831, you must submit a written report to BOEM within 15
days after the incident. The report must contain the following information:

i. Date and time of occurrence;
ii. Identification and contact information for each lessee, grant holder, or operator;

iii. Name and telephone number of the contractor and the contractor's representative, if a
contractor is involved in the incident or injury;

iv. Lease number, OCS area, and block;

V. Platform/facility name and number, or cable or pipeline segment number;

vi.  Type of incident or injury;
vii. Activity at time of incident;
viii. Description of incident, damage, or injury (including days away from work, restricted

work, or job transfer), and any corrective action taken; and
ix. Property or equipment damage estimate (in U.S. dollars).

b) You may submit a report or form prepared for another agency in lieu of the written report
required by paragraph (a) of this section if the report or form contains all required information.

c) BOEM may require you to submit additional information about an incident on a case-by-case
basis.

2.13. In-House Inspections, Audits and Evaluations by OWF Operators
In this section we address to what degree regulators or other governing bodies rely on self-inspection,
self-audit, self-evaluation or self-certification programs by OWF operators.

European regulators and governing bodies request to have third party inspection, audits, evaluation and
certification to receive e.g. building and/ or operating permission.

Self-inspection etc. are accepted for e.g. maintenance/ service inspection of the assets, but as outlined
periodical inspections are to be carried out by third parties.

The same applies to e.g. quality audits (e.g. ISO 9001). Internal (self-) audits can be carried out, but third
party audits are mandatory as part of the certification and/ or approval process.
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l.e. in-house inspections etc. are recommended but cannot and will not replace mandatory third party
inspections etc.

The following federal code refers to the inspection activities that BOEM is responsible for, but this
responsibility is now under the scope of BSEE.

30 CFR 585 — Renewable energy and alternate uses of existing facilities on the OCS

Subpart H — Environmental and Safety Management, Inspections, and Facility Assessments for Activities
Conducted Under SAPs, COPs and GAPs

§ 585.824 How must | conduct self-inspections?

a) You must develop a comprehensive annual self-inspection plan covering all of
your facilities. You must keep this plan wherever you keep your records and
make it available to BOEM inspectors upon request. Your plan must specify:

i. The type, extent, and frequency of in-place inspections that you will
conduct for both the above-water and the below-water structures of all
facilities and pertinent components of the mooring systems for any
floating facilities; and

ii. How you are monitoring the corrosion protection for both the above-
water and below-water structures.

b) You must submit a report annually to us no later than November 1 that must include:

i A list of facilities inspected in the preceding 12 months;

ii. The type of inspection employed (i.e., visual, magnetic particle,

ultrasonic testing); and
iii. A summary of the inspection indicating what repairs, if any, were
needed and the overall structural condition of the facility.

2.14. Inspections, Audits and Evaluations by Third-Party Contractors
In this section we address to what degree regulators rely on inspections, audits, evaluations or
certifications performed by independent third-party contractors.

As outlined in section 1.13 European regulators and governing bodies request to have third party
inspection, audits, evaluation and certification to receive e.g. building and/ or operating permission.

Self-inspection etc. are accepted for e.g. maintenance/ service inspection of the assets, but as outlined
periodical inspections are to be carried out by third parties.

The same applies to e.g. quality audits (e.g. ISO 9001). Internal (self-) audits can be carried out, but third
party audits are mandatory as part of the certification and/ or approval process.

l.e. in-house inspections etc. are recommended but cannot and will not replace mandatory third party
inspections etc.
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The scope and frequency for third party inspection is laid down in the certification reports, building and/
or operating permissions and can vary from project to project.

2.15. Inspections, Audits and Evaluations by Regulators
In this section we address to what degree regulators conduct their own independent inspections, audits,
evaluations or certifications.

In Europe regulators and governing bodies request to have third party inspection, audits, evaluation and
certification to receive e.g. building and/ or operating permission.

As a rule, regulators (e.g. building authorities) appoint third parties to carry out inspections, audits etc.
on their behalf. The scope and frequency is set by the regulators and it is laid down in the certification
reports, building and/ or operating permissions and can vary from project to project.

In the case of specific events (e.g. damage investigation) regulators might attend e.g. inspections.

The following federal code refers to the inspection activities that BOEM is responsible for, but this
responsibility is now under the scope of BSEE.

30 CFR 585 — Renewable energy and alternate uses of existing facilities on the OCS

Subpart H — Environmental and Safety Management, Inspections, and Facility Assessments for Activities
Conducted Under SAPs, COPs and GAPs

§ 585.820 Will BOEM conduct inspections?

BOEM will inspect OCS facilities and any vessels engaged in activities authorized under this part. We
conduct these inspections:

a) To verify you are conducting activities in compliance with subsection 8(p) of the OCS
Lands Act; the regulations in this part; the terms, conditions, and stipulations of your
lease or grant; approved plans; and other applicable laws and regulations.

b) To determine whether proper safety equipment has been installed and is operating
properly according to your Safety Management System, as required in § 585.810.

2.16. Inspections, Audits and Evaluations of Electrical Metering

Apparatuses
In this section we address whether regulators conduct inspections/audits/evaluations of electrical
metering apparatuses.

Metering is typically managed by the grid operator. Even when equipment is installed within the wind
farm facility, it is specified, maintained, and inspected by the grid operator. In the case of OWfs,
metering equipment is placed on shore at the point of interconnection. In examination of practices at
US onshore wind farms as well as German on- and off-shore wind farms, the authors have not found any

BSEE Offshore Wind Energy Inspection Procedure Assessment Page 108 of 730



ABS Group A BSEE

cases where certification bodies and authorities having jurisdiction over the wind farm require or

perform inspections or evaluations of the metering equipment.

2.17. Inspections of Components by Manufacturers
In this section we address whether wind farm component manufacturers perform safety testing,
inspections, and certifications before or after installation in the field and to what degree regulators rely
on this these tests, inspections, and certifications.

Wind turbines which will be installed on- or offshore, need to have a Type Certificate (see also section
1.19). Part of the TC is also that the involved manufactures have a certified quality management system
(QMS) in place (e.g. as a minimum meet the requirements according to 1ISO 9001). Part of this QMS is
also that the manufacturing process (including certification process and final testing, safety testing) for
its product is monitored by adequate tools and this is the responsibility of the manufacturer of e.g. the
wind turbine and/ or its components. For a prototype these measures, which are in place to secure the
product quality, are checked randomly by the certification body.

This also applies to any final acceptance tests and/ or safety tests or load tests, where a representative
of the certification body needs to be present (e.g. based on the applicable standards and regulations).

For a project certificate the whole process from design to manufacturing, transport and installation
commissioning is part of the project certification scope that is carried out by the certification body.

As part of the project certification random inspections (e.g. manufacturing, transportation, installation,
commissioning) are carried out by the involved certification body. These inspections are carried out in
addition to the inspections and test of the component manufacturer.

In the O&M phase maintenance and service is necessary. This is done by e.g. the turbine manufacturer
and the certification body carries out periodic inspection (e.g. every 4 years or a certain percentage of
the entire wind farm annually). This is necessary to maintain the issued certificate for the wind turbine
(type certificate) and/ or wind farm (project certificate).

This means that regulators rely on the competence of certification bodies and on a functioning QMS (of
the component manufacturer and the certification body), i.e. component manufacturers carry out their
own inspections and tests as part of their QMS and this process in monitored (e.g. by spot checks,
random inspections) by the certification body.

Regulators rely on certificates issued by 3" parties/ certification bodies, which are accepted by the
regulators.

2.18. Capability Requirements for WTG Inspectors
This section is dedicated to training programs, qualifications, and/or expertise, which are required to
carry out inspection works at onshore or offshore wind farms (including OSP and Met-Mast).

Besides having technical qualifications and technical safety trainings, such as working with electricity,
equipment with stored energy etc. for a particular assignment an inspector must hold valid certificates
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for the following trainings and qualification in order to work on onshore or offshore wind turbines in

Europe:

2.18.1. First Aid (on- and offshore)
In this section we address what training programs, qualifications, and/or expertise are required for
onshore or offshore wind turbine inspectors.

a. Besides having technical qualifications and technical safety trainings, such as working with
electricity, equipment with stored energy etc. for a particular assignment an inspector must hold
valid certificates for the following trainings and qualification in order to work on onshore or
offshore wind turbines in Europe:Understanding of the importance of carrying out First Aid in a
safe and sound manner in accordance with the legislative requirements of their geographic
location and according to ERC and AHA guidelines®.

b. Able to identify and explain normal function, normal signs, functions and symptoms of serious
and minor injuries and illness related to the human body.

c. Able to demonstrate understanding and correct order of management in an emergency

situation in a WTG environment.

Able to demonstrate correct use of lifesaving first aid using the primary survey A-B-C.

Able to demonstrate correct use of an automatic external defibrillator (AED)

Able to demonstrate correct use of ordinary First Aid, the secondary survey

@ 0o

Able to demonstrate correct use of first aid equipment in a first aid scenario

Validity: The first aid certificate, as it is commonly known, is only valid for a limited time, and the
inspector needs to renew it to continue working. The frequency for renewal is normally 2 years but it
depends on the authority controlling the asset the inspector is visiting.

2.18.2. Fire Awareness (on- and offshore)
Typical fire awareness course content includes the following:

Able to demonstrate knowledge of the development and spread of fire
Able to demonstrate knowledge of the development and spread of fire
Able to identify any sign of a fire in a wind turbine environment

Qa 0 T o

Able to demonstrate knowledge of the contingency plans in a wind turbine environment
including smoke detection and emergency escape procedures.

e. Able to demonstrate correct actions on discovering a fire including correct operation and fire
extinguishing by means of the firefighting equipment in a WTG.

8 American Heart Association Statements and Guidelines

http://my.americanheart.org/professional/StatementsGuidelines/Statements-Guidelines UCM 316885 SubHomePage.jsp
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Validity: The Fire awareness certificate, as it is commonly known, is only valid for a limited time, and the

inspector needs to renew it to continue working. The frequency for renewal is normally 2 years but it
depends on the authority controlling the asset the inspector is visiting.

2.18.3. Manual Handling (on- and offshore)
Typical manual handling training content includes the following:

a. Able to demonstrate understanding of the importance of carrying out work duties in a safe and
sound manner in accordance with the legislative requirements of their geographic location.

b. Able to identify aspects of their job tasks that could increase a worker’s risk of developing
muscular / skeletal injuries

c. Able to demonstrate understanding of safe practices for manual handling including the correct
handling of equipment

d. Able to identify signs and symptoms of injuries related to poor manual handling techniques and
have knowledge of reporting methods

e. Able to demonstrate a problem solving approach to manual handling in a wind turbine
environment

f. Able to demonstrate manual handling risk reduction techniques

Validity: The manual handling certificate, as it is commonly known, is only valid for a limited time, and
the inspector needs to renew it to continue working. The frequency for renewal is normally 2 years but
it depends on the authority controlling the asset the inspector is visiting.

2.18.4. Working at Heights (on- and offshore)
Typical working at heights training content includes the following:

a. Understand general health and safety duties of employers to provide training and ensure
competence of employees;

Personal responsibilities of employees and the self-employed;

Overview of relevant legislation (HSW, WAH, MHSW, LOLER, PUWER, PPE 2002,PPEW 1992);
Outline of WAH and the principles of a hierarchical approach;

Basic reference and application of ACOPs, standards and guidelines (e.g. HSE,BS/EN);
Generic safe systems of work (e.g. permits & procedures);

Wind Turbine Safety Rules (scope & application);

Risk assessments and control measures for WAH;

S@m 0 a0 T

Housekeeping risks relevant to/for WAH;

Planning of operations for WAH;
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Different types of equipment use for WAH;

Equipment pre and post use checks, including certification of equipment;
. Safe and correct use of equipment for WAH;

Equipment identification and selection for WAH;

Conflicting activities and tasks;

T o > 3

Environmental factors (e.g. weather);
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g. Manual handling and ergonomics;

-

Appreciate relevance of different turbine designs (size/layout) to WAH & rescue situations;
Appreciate the relevance of different company/site specific H&S procedures and rules
Able to safely inspect (prior to use), correctly fit, and use PPE for WAH applications;
Able to work safely at height in a tower or simulated conditions;
Able to safely carry out a self-rescue in a tower or simulated conditions;

. Able to safely carry out a rescue of a casualty in a tower or simulated conditions;
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Able to safely carry out an assisted lower in a tower or simulated conditions;

Validity: The working at heights certificate, as it is commonly known, is only valid for a limited time, and
the inspector needs to renew it to continue working. The frequency for renewal depends on the country
(Germany every year, UK every 2 years) and authority controlling the asset the inspector is visiting.

2.18.5. Sea Survival or Basic Offshore Safety Induction and Emergency Response
Training (BOSIET)
Typical sea survival or basic offshore safety induction and emergency response training content includes
the following:

Principles for survival at sea.

Evacuation means.

International and national legislation.

Suits and life jackets used in the offshore industry.

Safe conduct in work situations, emergency situations and contingency plans.
Life boat, life raft, and life buoys.

Davit launchable life rafts and exercise with capsized raft.

S@m 0 o0 T oo

Techniques to enhance survival at sea.

Treatment of coldness and hypothermia.
Use of pyrotechnical equipment.
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Helicopter hoist.

Safely entering water from a height.
. Right inverted life raft.
Offshore installation and vessels working in the offshore industry.
Swim and keep afloat while wearing a life jacket.
Operation with small boats including MOB (man over board) techniques.
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Transfer of personnel and luggage between dock -boat and boat installation and between
vessels making way.
r. Electronic distress signal devices such as EPIRB, SART and PLB.

Validity: The Sea Survival certificate, as it is commonly known, is only valid for a limited time, and the
inspector needs to renew it to continue working offshore. The frequency for renewal is normally 4 years
but it depends on the authority controlling the asset the inspector is visiting.
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2.18.6. Helicopter Underwater Escape Training
This training requirement is optional for offshore transportation and it is only required when the
transport to or from the offshore site is carried out via helicopter. Typical helicopter underwater escape
training content includes the following:

Helicopter safety

Helicopter escape

The use of a helicopter transit suit and life jacket
Practice in using the Emergency Breathing System
Evacuation from a helicopter

Life raft procedures

Underwater escape exercises and BRACE position
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Inflating life jackets in water

Boarding a life raft
j. Sea survival swim sessions

Validity: The Helicopter Underwater Escape Training certificate, as it is commonly known, is only valid
for a limited time, and the inspector needs to renew it to continue working offshore. The frequency for
renewal is normally 4 years but it depends on the authority controlling the asset the inspector is visiting.

2.18.7. Medical Checks
In addition to the trainings mentioned above all personnel have to fulfill statutory requirements with
regards to medical checks, e.g. all personnel working on onshore and offshore wind turbines must be
medically fit and capable of performing work under demanding situations. In Germany the inspectors
need to fulfill for on- and offshore work the G41. The G41 is a medical examination in accordance with
regulatory employers’ insurance guidelines for all personnel working at heights. It includes performance
and resilience of cardio-vascular levels, balance system, eyesight and hearing.

Every offshore inspector must undergo and pass an additional medical examination which classifies
them as medically fit to work in the offshore environment.

Different offshore authorities have different requirements. For UK waters only physicians who are
approved by the United Kingdom Offshore Operators Association (UKOOA) Health Advisory Committee
should carry out the examination and issue certificates. For German waters the physicians carry out the
examination according to the recommendation of the “Deutsche Gesellschaft fiir Maritime Medizin”
(DGMM).

The offshore medical certificate, as it is commonly known, is only valid for a limited time, and the
inspector needs to renew it to continue working offshore. The frequency for renewal depends on the
authority controlling the asset the inspector is visiting and her or his age.

For UK waters, all assets are controlled by UKOOA and renewals are necessary for every 2 years
irrespective of the age of the offshore inspector.
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Individual Operators retain the right to request medical assessments more frequently.

Although UKOOA and DGMM set out the minimum to be included in the medical, contractors report
that some doctors carry out a more in-depth examination than others. A typical examination will begin
with you filling out an extensive form on your medical history, and lifestyle e.g. alcohol consumption,
exercise etc. After this a physical examination will be carried out:

Urine check (for protein and sugar)

Height, weight and resultant Body Mass Index calculation

Blood pressure and pulse

Basic eye sight test including color vision

Lung capacity check

Hearing test

A physical examination by a doctor. Check stature, listen to your breathing, reflexes etc.
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The doctor will also discuss the form you filled in, and carry out any additional checks
they think necessary.

The Offshore Operators Association from three countries involved in the North Sea: the UK (UKOOA);
Norway (OLF); and The Netherlands (NOGEPA) have signed a reciprocal agreement known as the
Hardanger Agreement which states that a valid medical certificate in one country will be valid in the two
other countries within the agreement.

2.18.8. Recommendations for Capability Requirements
There are no mandatory training schemes or standards that specifically apply. Each duty holder is
responsible for identifying their own training requirements, and determining whether any particular
training standards or schemes can fulfil these needs. However, standards and schemes that have been
developed and supported through industry consensus are likely to be regarded as a benchmark of good
practice. This is relevant in the event of enforcement or intervention action by regulators, as it may
show evidence that recognized good practices have been adopted. It is recommended that where they
are suitable for the risk profile and job role performed, preference should be given to the “standards”
below in the following order of priority.

a. Benchmark standards: These standards have been developed by the industry to address
significant risks that are specific or particular to the sector, and are supported by suitable third
party accreditation systems. Relevant examples include:

i Global Wind Organization — Basic Safety Training®®: This Standard has been developed in
response to the demand for recognizable Basic Safety Training (BST) in the industry. GWQ is a

% Global Wind Organization Standard — Basic Safety Training (BST) (Onshore/Offshore) , 2014

http://www.windpower.org/download/2277/GWO BST Standard Version 6%2C 12 March%2C 2014.pdf
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non-profit organization of wind turbine owners and wind turbines manufacturers and was
established between Vestas, REPower (now Senvion), Suzlon and Siemens Wind Power in
November 2009. The aim of GWO is to strive for an injury free work environment in the wind
turbine industry, through cooperation among the members, in setting common standards safety
training and emergency procedures

ii. RenewableUK Training Standards®’

b. External standards: These standards may address specific risk areas but either do not include
adequate Offshore Renewable Energy Installation specific content and / or include elements
that are unnecessary, or even potentially conflicting with Offshore Renewable Energy
Installation specific approaches. There are numerous potential examples, with the most relevant
likely to be those used in:

i Oil and Gas, such as OPITO

ii. Marine contracting, such as IMCA; or 69
iii. Marine operations, such as Certificates of Competency under STCW.
iv. Internal standards

We recommend BSEE to demand on- and offshore wind farm owners to comply with the Global Wind
Organization - Basic Safety Training — Standard.

2.19. Standards for OWF Installation and Operation Practices
In this section we address what standards exist that govern OWF installation or operation and what
standards international wind energy regulations incorporate by reference (e.g., Norsk Sokkels
Konkuranseposisjon [NORSOK]).

2.19.1. IEC Standards
Inspection of the installation of OWFs is addressed under the IEC 61400-22, which provides the criteria
for project certification of OWFs, and more generally under 61400-3, which outlines the design
requirements for OWFs. Under the IEC project certification scheme, inspection or surveillance is
required of the activities in this section, to be carried out by the certification body.

2.19.1.1. Wind Turbine Transportation and Installation

The purpose of transportation and installation surveillance is to verify that the requirements stated of
the design basis are adhered to, the loads on components do not exceed design envelopes during
transport, and to detect any damage during transport and installation.

The certification body is required to ensure that components are inspected for damage that may have
occurred in transport and installation handling, including (but not limited to) any damage to the
corrosion protection system or actual corrosion of the structure. If a suitable quality management plan

%7 RenewableUK Training Standards, 2014

http://www.renewableuk.com/en/our-work/health-and-safety/training/
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for transportation and installation exist, the certification body may elect to audit the transportation and

&

installation records. Otherwise, inspection and witnessing of these activities is required. After the
completion of installation activities, the certification body is obligated to make a visual inspection of all
relevant components.

Per IEC 61400-22, surveillance of the following items shall be carried out and reported on by the
certification body:

a. Monitoring of sea-transportation
b. Compliance with respect to acceptable weather conditions during transport and installation
c. Compliance with support structure and wind turbine installation procedures

The IEC 61400-3% design standard for offshore wind turbines requires inspection of the following to
ensure proper connection and assembly during installation:

a. Guys

b. Cables

c. Turn buckles

d. Gin poles

e. Lifting devices

f. Other apparatus and devices

Per IEC 61400-3, items which should be inspected or maintained according to the facility operation and
maintenance plan include:

a. Guy cables (tension)
b. Bolts (torque and tension loading)

c. Lubrication

2.19.1.2. Wind Turbine Commissioning

The term wind turbine commissioning generally refers to a series of standard operational tests that a
fully erected turbine is put through to ensure that it was assembled and synchronized to the electrical
grid properly. As the wind turbine manufacturer is most familiar with their turbines requirements and
installation procedures, they are best suited to commission the wind turbines. The purpose of
commissioning surveillance is to verify that the wind turbines installed at the site are commissioned in a
manner conforming to relevant manuals and design documentation.

Per IEC 61400-22, the certification body is obligated to witness the commissioning of at least one
turbine and at least one turbine for every 50 turbines in the project.

% Section 13.11
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2.19.1.3. Marine Growth

Per IEC 61400-3, a strategy for inspection and possible removal of marine growth should be planned as
part of the support structure design.

2.19.1.4. Corrosion Protection System

Per IEC 61400-3, all coating systems used for corrosion protection should be subjected to an inspection
and repair program to maintain their integrity.

2.19.1.5. Assembly of Wind Turbine

Per IEC 61400-3%°, inspection shall be carried out to confirm proper lubrication and pre-service
conditioning of all components.

2.19.2. Germanischer Lloyd Guidelines

The guidelines for type certification of onshore and offshore wind turbines published by Germanischer
Lloyd (GL) (now part of DNVGL) are some of the oldest and most widely applied wind energy standards.
Other international bodies such as the IEC have modeled many of their wind energy standards and
guidelines on GL publications.

While the GL guidelines primarily outline requirements for type certification, they also contain some
guidance on installation and operation, including accompanying monitoring and inspections, as outlined
in the following sections:

2.19.2.1. Installation
GL states that inspection of sea-fastening and marine operations should include:

(1) Condition inspection of vessels and equipment involved

(2) Load-out procedure including quay condition, mooring and retrieval system

(3) Transportation arrangements including sea-fastening, stability and towing

(4) Lifting/launching/upending procedure (rigging, mooring and clearances)

(5) Installation procedures including anchor handling, positioning, piling, grouting and mating

2.19.2.2, Commissioning

GL states that each wind turbine must undergo a commissioning procedure according to owner
instructions written according to the guidelines. GL further states the commissioning procedure should
be witnessed by the certification body at one of the first wind turbines of a new type, including visual
inspection, safety function test, and witnessing of the condition monitoring system installation and
commissioning. The experts witnessing the commissioning are recommended to include one electrical
expert and one safety expert.

% Section 13.9
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2.19.2.3. Inspection of Electrical Installations

GL states the electrical installations including the lightning protection system must be inspected after

installation and before operation.

1.

Installation of the electrical cabinets (earthing, connection of the incoming cables, fill factor of
cable channels, etc.)

Installation of generator, frequency converters and motors (earthing, check of rating plates,
etc.)

Installation of the medium-voltage switchgear in accordance with the Internal Arc Classification
(IAC)

Cable routing and installation (bending radius, distance between cables according to the
specified installation method, installation of cable loop in the yaw section, installation and filling
factor of cable trays and pipes, connection of shields, identification of cables in accordance with
the wiring diagrams, etc.)

Installation of the lightning protection system (installation of down-conductor system,
installation of brushes, spark gaps and surge arresters, measures taken for protection of wind
measurement sensors, connection of the down-conductor system to the earth electrode,
installation of bonding bars, achievement of shielding measures, etc.)

Inspection of protection settings and their permanent marking according to Section 8.7.3.3 para
2 and 8.7.3.1 para 2

Inspection of the parameter set for the electrical rotor-blade pitch converter (if applicable) to be
compliant with the parameters assessed during A-Design Assessment

Inspection of the air flow concept inside the hub, nacelle and tower according to Section 7.11
and 8.1.7.1.b

2.19.2.4. Periodic monitoring

GL guidelines stipulate periodic monitoring by the certification body of offshore wind turbines

throughout the life of the wind farm. The scope and frequency are to be determined during the

certification process.

During Periodic Monitoring, the complete offshore wind turbine including the rotor blades shall be

inspected thoroughly. A specific checklist for the inspection shall be prepared on the basis of the

documentation. The checklist shall also contain the assessment criteria.

The objective is to ensure the safety function and structural integrity of the offshore wind turbines. The

inspections would include, for example:

Documentation

vk wnN e

Approval and/or certification reports, including all annexes and supplements

Building and operation permit

Operating manual

Filled-out commissioning records

Filled-out maintenance checklist (maintenance records) of at least the last maintenance
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6. Reports of previous periodic monitoring or condition surveys (e.g., Condition-based monitoring

measurements [if available])

7. Proof and result of the annual oil quality check (at least the two last ones) of gear and hydraulic
components

8. Documentation of modifications/repairs to the turbine and necessary approvals, if relevant

9. Reports of inspection of scour protection or seabed level

10. Reports of inspection of the underwater structures and splash zone

11. Annual report (e.g., trend analysis) of the monitored (by a Condition Monitoring System [CMS];
see Chapter 13) wind turbine components (at least the two last reports)

On-site Inspection

Visual inspection of entire installation

Structural integrity of the offshore wind turbine, including machinery

Functioning of the safety and braking systems

Scour protection, seabed level

Underwater structure and splash zone with regard to corrosion, condition of welds, marine
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growth and damage (e.g., from collision)

6. Concrete surfaces for cracks, abrasion, spalling and any signs of corrosion of the steel
reinforcement and embedment, particularly in the splash zone, in areas exposed to sea ice, and
where repairs have been carried out previously

7. Type, location and extent of corrosion control (i.e., coatings, cathodic protection system, etc.)

A list of common inspection points is given in Table 12 below.
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Aszembly

Inspection for./Possible defects

F.otor blade

Swrface damage, cracks, struchural discontinmtias
(Inspection from a hifing or stepping device:

visual and structwal examination using switable methods
{e.g. tapping. ultrasonic tesang)

Pretensioning of bolts

Diamage to the hghtning protection system

Drive train

h] and /or grease leakages, urusuzl noises,

condition of the corrosion protection, lubneation, pretensioning
of bolts

Condition of the gears and beanngs (ol sample, of relevant)
Damage to the hghining protection system

Macelle and force- and moment-transmithng
components

Comrosion. cracks, unusual noises, lubrication, pretensicming

of bolts, hghtning protection

Climate control, dehumidifiers and air filters

Function, contamination, dut

Hydraulie system, poeumatic system

Damage, leakages, corrosion, function

Suppert stucture (tower, sub-structurs
and foundation}
Mornopile and intersechion pieces

Cormrosion, corresion protection (e.g. cathodie protection),
damages: and deformaton, cracks, sbrasion, spalling,
pretensioming of bolts, manne growth, welds, scour
Including grouted connechons (visual

mspection), awrhght sections

Safety devices, outside highoing,
sensors and braking systems

Functional checks, compliance with the hmiting values,
damage, wear

Control system and electiics

meluding transformer station and switchgear,

Condition Monittornng Svstem

Terminals, fasteming=, functional checks, cormosion, dut

Heh-hoist, boat landing, fenders

Crzne and crane foundations

Fasteming=, funchon, comrosion, cracks,
dirt. damages and deformation

Emergency shelter, sea rescue equuipment,
backup power supply

Functional checks, compliance with the hmiting values,
damage. wear

Perusal of documentation

Completeness, observance of the conditions, construction
according to certified documents, test documents, maintenance
camed out 2t regular intervals

If apphicable: execution of modifications repairs according

to appruﬁl|

Table 12 - List of Common Inspection Points

2.19.3. ABS Guides

The American Bureau of Shipping (ABS) has published several guides for OWFs in the past several years
including:

a. Guideline for Certification of Offshore Wind Farms

b. Guide for Building and Classing Bottom-founded Offshore Wind Turbine Installations
(BOWTI)

c. Guide for Building and Classing Floating Offshore Wind Turbine Installations (FOWTI)

d. Guide for Building and Classing Wind Farm Support Vessels
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The Guideline for Certification of Offshore Wind Farms is consistent with and references IEC 61400-22
and is relevant for jurisdictions requiring project certification. The Guideline can also be used for
projects where the project owner requests project certification or verification. An overview of the
process of project certification according to the ABS Guideline is illustrated in Figure 3.

Site Conditions A ssessment

(32
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——— h ]
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¥
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+ 3 r
Wind Turbine/RMNA Support Structus (Other Installations (optional)
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(35 (36) (3T
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Figure 3 — Overview of Project Certification Process

The following sections are excerpted from the ABS Guideline for Certification of Offshore Wind Farms.
Note that the numbering is from the ABS document and not this report.

2.19.3.1. Maintenance of the Project Certificate
The Project Certificate affirms that, at the date of issuance, an offshore wind farm, with or without the
Optional Installations as recorded on the certificate, is in conformity with the stated requirements. The
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Project Certificate may be renewed annually when a verification and periodic survey arrangement
during the life cycle of the wind farm is established upon the agreement between ABSG and the Owner.
Reference is made to 3/13 for the guidance on the survey during operation and maintenance.

8.2 Manufacturing Survey Requirements
Manufacturing surveys of the Rotor-Nacelle Assembly (RNA) should be based on relevant standards in
conjunction with the approved RNA design documentation such as drawings and specifications,
identified critical items and processes, test programs, etc. General guidance on the RNA manufacturing
surveys is provided in IEC 61400-22, Section 9.8. In general, the RNA manufacturing surveys include:

a. Evaluation of manufacturer’s quality management system
Periodic surveys of the manufacturing of main RNA components and systems in order to
verify the compliance with the approved quality management system

c. Witnessing of relevant material, component and system tests
Documentation review for relevant certificates, specifications, procedures, test
documentation, production worksheets, etc.

Additional manufacturing survey requirements for the offshore wind farms are provided in the ABS rules
and guides as listed in Table 13. For those installations not covered by ABS rules or guides, recognized
industry standards may be applied.

9 Installation Survey

9.1 General
ABSG will conduct installation surveys of offshore wind turbines and, optionally, the Other Installations
during their load-out at the pier and offshore installation at the site, to:

a. Verify that the items covered by the Project Certification are installed in compliance with
the requirements of the approved design documentation;

b. Witness relevant load-out and installation operations; and

c. Inspect for damages and overstresses that may have occurred during the installation.

Upon satisfactory completion of the certification module as required in this Subsection, a Statement of
Compliance for installation surveys of offshore wind turbines and the specified Other Installations of the
offshore wind farm may be issued.

9.2 Installation Survey Requirements
Prior to the first load-out and installation operations, load-out and installation procedures and checklists
should be submitted for review and approval.

Refer to 1-2/3.21 or 1-2/5.15 of the ABS BOWTI Guide for the installation survey requirements relevant
to the Bottom-founded Offshore Wind Turbines.
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Refer to 11-1/5.1 of the ABS FOWTI Guide for the installation survey requirements relevant to the
Floating Offshore Wind Turbines. Additional survey requirements for the inclining test or the equivalent
weighing procedure are specified in 9-2/7 of the ABS FOWTI Guide.

The installation of the RNA and equipment and systems supporting operations of the RNA and hook-up
of the electrical cables should be witnessed by the attending Surveyor.

Deviations from approved design documentation or any incidents such as damage or overstress to the
RNA and the supporting structures during the installation may require re-submittal of additional
documentation to provide an assessment of the significance of deviation and any necessary remedial
actions to be taken.

As a minimum, installation surveys should be conducted for the load-out and installation of the first
offshore wind turbine per each type in the offshore wind farm. Depending on the installation survey
results as well as the number and type of offshore wind turbines in the farm, installations surveys may
be extended to more offshore wind turbines to the satisfaction of the attending Surveyor.

Where the Other Installations of the offshore wind farm are included in the Project Certification,
relevant installation survey requirements as specified in the ABS Offshore Installations Rules, Part 1
Section 2 or the ABS FPI Rules, Part 7 Chapter 1 should be satisfied. For those installations not covered
by ABS rules or guides, recognized industry standards may be applied.

10 Commissioning Survey

10.1 General
ABSG will conduct commissioning surveys to verify that the installed offshore wind turbines and,
optionally, the Other Installations are commissioned in accordance with the manufacturer’s
requirements and instructions and in compliance with relevant design requirements of the approved
designs.

Commissioning surveys involve documentation reviews and on-site surveys.

Upon satisfactory completion of the certification module as required in this Subsection, a Statement of
Compliance for commissioning surveys of offshore wind turbines and the specified Other Installations
may be issued.

10.2 Commissioning Survey Requirements
Prior to the commissioning of the first offshore wind turbine or the Other Installations covered by the
Project Certification of the offshore wind farm, the commissioning procedures and checklists should be
submitted for review and approval. The manufacturer's instructions should include all necessary
procedures for testing the installed offshore wind turbine or the relevant Other Installations to confirm
proper, safe and functional operation of equipment, systems and controls. The commissioning is to be
carried out in accordance with the approved step-by-step commissioning procedures. The Surveyor is to
be permitted sufficient access to verify that the procedures are satisfactorily accomplished.
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Before the start of commissioning operations, the attending Surveyor will verify:

a. The safety of personnel by checking operational readiness of all lifesaving, fire detection and
firefighting equipment, and unobstructed escape routes;

b. The establishment of communication procedures; and

c. The emergency procedures dealing with contingencies.

During commissioning surveys for offshore wind turbines, the attending Surveyor is to observe the
offshore wind turbine operating under various capacities and conditions. As a minimum, the following
procedures and tests should be witnessed by the attending Surveyor:

o Safe start-up

o Safe shutdown

o Safe emergency shutdown

o Safe shutdown from over speed (or representative simulations)

e Function test of protection systems

e Check of the control system settings

e Function test of automatic operations

e Function test of the yaw system, if applicable

e For the Floating Offshore Wind Turbines, additional commissioning surveys are required for the
applicable marine systems and associated equipment and machinery, safety systems and
associated equipment, and lifesaving appliances and machinery of the Floating Offshore Wind
Turbines. Approved operations including emergency procedures should be verified to the extent
deemed necessary by the attending Surveyor.

The overall performance of the RNA is to be verified for compliance with the design parameters of the
approved designs. Records of all these verifications as well as the post-commissioning actions taken in
accordance with the manufacturer’s instructions should be included in the final commissioning reports
and submitted to ABSG for review.

As a minimum, commissioning surveys should be conducted for one (1) offshore wind turbine per each
type. Where there are more than fifty (50) offshore wind turbines of the same type, commissioning
surveys should be conducted for at least one additional offshore wind turbine per every fifty (50) of the
same type.

The selection of offshore wind turbines for commissioning surveys should reflect having surveys at the
start and end of commissioning periods.

During commissioning surveys for the other Installations, the attending Surveyor is to observe the
operations of main equipment, systems and controls under various capacities and conditions. As a
minimum, the following procedures and tests should be witnessed by the attending Surveyor:

e Safe start-up
e Safe shutdown
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e Function test of safety systems
e Check of the control system settings
e Function test of automatic operations

Records of the post-commissioning actions taken in accordance with the manufacturer’s instructions
should be included in the final commissioning reports and submitted to ABSG for review.

11 Project Characteristics Measurements
On request of the Owner, ABSG will verify that the optional measurements of performance-related
characteristics of a specific wind turbine or an offshore wind farm at an offshore site are performed in
accordance with approved standards and procedures.

Refer to IEC 61400-22, Section 9.11 for the certification requirements for project characteristics
measurements for one or more of the following items:

i Grid connection compatibility according to grid codes
ii.. Verification of power performance
iii. Verification of acoustic noise emission

Measurement methodologies and procedures should be submitted for review and approval prior to
performing the measurement. Witnessing of the measurements by the Surveyor may be required
depending on the completeness of test laboratory’s quality management system.

Upon satisfactory completion of the certification module as required in this Subsection, a Statement of
Compliance for project characteristics measurements of specified items for the offshore wind turbine or
the offshore wind farm may be issued.

13.2 Requirements for Surveys during Operation and Maintenance
The Operating and Maintenance Manuals and Procedures for the offshore wind farm should be
submitted to ABSG for review. The requirements applicable to the scope and contents of the Operating
and Maintenance Manuals and Procedures are described below:

i For the Bottom-founded Offshore Wind Turbines, refer to IEC 61400-3, Section 14.4 and 14.5
ii. For the Floating Offshore Wind Turbines, refer to 1-1/11 of the ABS FOWTI Guide and the
applicable part of IEC 61400-3, Section 14.4 and 14.5
iii. For the Other Installations, refer to applicable part of the ABS Offshore Installation Rules and the
ABS FPI Rules, or other recognized industry standards

ABSG will verify that the Operating and Maintenance Manuals and Procedures are consistent with the
relevant operation and maintenance requirements considered in the approved designs.

A Survey and Inspection Plan should be developed and submitted to ABSG for review and approval. The
periodical surveys will be carried out by ABSG in accordance with the approved Survey and Inspection
Plan to confirm that the items covered by the Project Certificate remain in compliance with the
applicable certification requirements and other relevant standards. The Survey and Inspection Plan
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should cover all surveys relevant to the renewal of the Project Certificate for the design life of the
offshore wind farm.

Prior to the surveys, the status of outstanding items (see 2/7), outstanding findings and
recommendations from previous surveys, and all revisions made to the Operating and Maintenance
Manuals and Procedures since the last survey should be submitted for review.

For the RNAs, the periodic surveys on the annual basis may be required for a selected number of the
RNAs in the offshore wind farm. ABSG will review the operating and maintenance records to verify that:

i Operations of the RNAs have been carried out in accordance with the approved Operating

and Maintenance Manuals and Procedures

ii.  Control settings of the RNAs have been regularly checked against the limiting values
specified in the design documentation

iii. Maintenance of the RNAs has been carried out in accordance with the approved Operating
and Maintenance Manuals and Procedures and by qualified personnel

iv.  Allrepairs, modifications and replacements made to the RNAs are in compliance with the
RNA type certificate and the Project Certificate requirements

For the RNAs, the surveys will also include inspections and, if applicable, witnessing of tests of the main
components and systems such as:

Blades, hub, shaft and main nacelle structures
Mechanical systems

Electrical equipment and systems

Control systems

Protection systems

Personnel safety equipment, systems and installations
Corrosion protection systems

L

For other items and installations of the offshore wind farm covered by the Project Certificate, the
recommended scope for surveys during operation and maintenance are listed in Table 13.

Installations and Systems Relevant ABS Rules and Guides
Support Structures BOWTI Guide, Section 1-2
Floating Support Structures FOWTI Guide, Section 11-1

Stationkeeping Systems of the Floating Offshore

Wind Turbines FOWTI Guide, Section 11-1
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Applicable marine systems and associated FOWTI Guide, Section 11-1

equipment MODU Rules, Part 7 Chapter 1, as applicable
and machinery, safety systems and associated
equipment, and lifesaving appliances and
machinery

of the Floating Offshore Wind

Bottom-founded structures of the Other Offshore Installations Rules, Part 1 Section 2, as
Installations applicable

Floating structures and mooring systems of the MODU Rules, Part 7 Chapter 1 Section 2, as
Other applicable

Installations FPI Rules, Part 6 Chapter 3

Electrical, mechanic and other systems and MODU Rules, Part 7 Chapter 1, as applicable

equipment on the Other Installations

Table 13 - References for Manufacturing Survey Requirements

13.3 Risk-based Surveys during Operation and Maintenance
A properly developed risk-based inspection plan or reliability centered maintenance plan may be
credited as satisfying requirements of surveys during operation and maintenance for the offshore wind
farm. The plan should be developed by the owner in accordance with the ABS Guide for Surveys Using
Risk-Based Inspection for the Offshore Industry and the ABS Guide for Surveys Using Reliability-Centered
Maintenance.

The application of the ABS guides referenced above does not cover any statutory survey requirements
that may apply to the offshore wind farm. The owner should ensure that in developing the risk-based
inspection plan, due consideration is given to all applicable requirements

2.19.4. DNV Offshore Standards

Offshore Standards published by DNV (now part of DNVGL) are widely used in Europe for site specific
certification of OWFs. The DNV Offshore Standard DNV-0S-J101 is applicable to substructures designed
for wind farms, but not to the wind turbines installed on the substructures. The following sections are
excerpted from DNV-0S-J101:

2.19.4.1. Marine warranty surveys
101 A Marine Warranty Survey (MWS) may be required by the insurance company in order to effect an
insurance for temporary phases such as sea transport and installation.

102 The purpose of an MWS is to ensure that the marine operations are performed within defined risk
levels. These risk levels should be tolerable to marine insurance and also to the industry, as well as to
the national and international Regulatory Bodies.
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103 An MWS should be carried out in accordance with an internationally recognized standard. The DNV
‘Rules for Planning and Execution of Marine Operations’ represents a standard which is widely
recognized by both insurance, finance and marine industries.

104 DNV ‘Rules for Planning and Execution of Marine Operations’, Part 1, Chapter 1, describes in detail
the principles, the scope and the procedures for MWS. See also Subsection D.

105 Project Certification of wind farms does not include MWS. However, there are some synergy effects
when DNV delivers both services. When DNV performs the MWS, the DNV surveyor for Project
Certification will normally be present only during the first load-out and installation. The remaining
surveys will be covered by the Marine Warranty surveyor.

2.19.4.2. Inspections during operation

Recommended for operator to develop a risk based inspection and maintenance plan according to local
applicable regulations and standards.

2.19.4.3. Inspection results
401 The results of the periodical inspections shall be assessed and remedial actions taken, if necessary.
Inspection results and possible remedial actions shall be documented.

2.19.4.4. Reporting
501 The inspection shall be reported. The inspection report shall give reference to the basis for the
inspection such as national regulations, rules and inspection programs, instructions to surveyors and
procedures. It shall be objective, have sufficient content to justify its conclusions and should include
good quality sketches and/or photographs as considered appropriate.

2.19.5. UK OWF Installation and Operation Practices
In the UK, under The Crown Estate Act 19617°, The Crown Estate is landowner of the UK seabed and
areas of foreshore (www.thecrownestate.co.uk). The Crown Estate’s permission, in the form of a site
option Agreement and Lease is required for the placement of structures or cables on the seabed, this
includes OWFs and their ancillary cables and other marine facilities. Potential OWF developers also
require statutory consents from a number of UK Government departments before development can
take place (e.g., a Food and Environment Protection Act 1 [FEPA1]) consent for the placement of
structures in the sea or in the seabed; a Section 36 Consent 2”* for the construction and operation of an
offshore power station with a nominal capacity in excess of 1MW (within the territorial sea) or 50MW
(beyond the territorial sea); a CPA3 consent for any works which are likely to obstruct or cause a danger
to navigation, and which involve a construction or improvement of any works or the deposit of any

" The Crown Estate Act 1961, http://www.thecrownestate.co.uk/media/5305/crown-estate-act-1961-text.pdf

' The UK the Marine Management Organization is responsible for considering and determining applications for consent under
section 36 of the UK Electricity Act for offshore generating stations with a generating capacity of more than 1MW but less than
or equal to 100MW, http://www.marinemanagement.org.uk/licensing/marine/activities/construction.htm
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materials below the level of mean high water spring tide and in some cases planning permission for
associated onshore works. A developer may also choose to apply for a section 36A declaration to
extinguish the common law public right of navigation and fishing on the site of a renewable energy
installation. In the UK, the key consents typically have strict monitoring requirements attached to
them.”?

2.20. Current Laws and Regulations for OWF, ONWF and WTGs
We addressed state laws or regulations that applicable to OWF, ONWFs and wind turbines in the
sections from 1.1 to 6.1 above. We also provided detailed information about current laws and
regulations in the appendices F, G, H and I. It is important to remember that except industry specific
standards and guidelines, there are only a handful of regulations that are unique to OWF, ONWF or
WTGs as most of the applicable regulations are long in force for other power generation assets.

While the existing laws and regulations have been applied to OWFs, ONWFs and WTGs in almost every
single country, which is included in this study, we observed some changes and adaptation in some
countries where either the application area of existing regulations are extended or references are made
to international standards or guidelines to supplement the gaps in the regulations. For example, with
the expansion of OWF projects in the UK, The Health & Safety Executive extended the coverage of
Health and Safety at Work etc. Act 1974 to OWF development with the 2013 Order in order to make the
regulations applicable for OWFs which are built within the UK territorial waters. Whereas Bulgaria,
which went through major review and update of their legal system during the EU accession period,
made reference to various IEC standards for WTG design in this process making the relevant standards
applicable for ONWF and WTGs.

2.21. Wind Energy Trade Associations
In this section we address the major domestic and international wind energy trade organizations (e.g.,
American Wind Energy Association [AWEA]). The Contractor shall address how these organizations
engage with industry, as well as how they develop standards or guidance relating to inspections, audits,
certifications, or evaluations.

2.21.1. National Wind Energy Trade associations

2.21.1.1. AWEA
The AWEA is the largest U.S. trade association in the wind energy field. They are, along with the
European Wind Energy Association (EWEA), the largest and most influential trade organizations globally.
They host several wind-specific conferences, workshops and symposiums in the U.S. with the annual
Windpower conference being their major annual event. The annual AWEA Offshore Windpower
conference is their offshore specific event.

7 Appendix 5 — Regulatory Controls, Offshore Energy Strategic Environmental Assessment,

https://www.gov.uk/government/uploads/system/uploads/attachment data/file/194352/0OES A5 Controls.pdf
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While wind energy policy advocacy, education and conferences are a primary focus of theirs, they are
also involved with publishing wind industry standards, such as AWEA Offshore Compliance
Recommended Practices (2012), Health & Safety Best Practice Guidelines for Offshore, and AWEA
Operation and Maintenance Recommended Practices.

2.21.1.2. EWEA
The European Wind Energy Association (EWEA) is the European counterpart to AWEA. They host several
wind-specific conferences, workshops and symposiums in Europe with the annual EWEA conference
being the largest. EWEA Offshore is their annual offshore specific conference.

They are involved with wind energy advocacy, education and the hosting of conferences and workshops.
They also publish various reports, but do not publish any standards as such.

2.21.1.3. RenewableUK (formerly the British Wind Energy Association [BWEA])
RenewableUK is focused on wind energy policy advocacy, education and often hosting relevant
conferences, symposia and workshops within Great Britain. Their main annual conference is called
RenewableUK and the offshore specific conference is called Global Offshore Wind. They publish several
wind energy reports and guides, many of which are specific to the offshore wind industry.

2.21.1.4. CanWEA
The Canadian Wind Energy Association (CanWEA) is focused on wind energy policy advocacy, education
and often hosting relevant conferences, symposia and workshops within Canada. The only standard or
recommended practice document they publish is the “Best Practices for Community Engagement and

Public Consultation.”

2.21.1.5. JWPA
The Japan Wind Power Association (JWPA) is basically a wind energy industry group working toward
policy advocacy, industrial collaboration and education. They do not host any conference or publish any
standards.

2.21.1.6. CWEA
The China Wind Energy Association (CWEA) is basically focused on wind energy policy advocacy,
education and hosting relevant conferences within China. The annual China Wind Power conference is
co-hosted by CWEA. They do publish several wind industry surveys, reports and a periodical titled Wind
Energy which focuses on the interpretation of new policies and new laws, deliver the new technology
and recent news in wind industry. They do not publish any standards.

2.21.1.7. BWE
The German Wind Energy Association (BWE) is basically focused on wind energy policy advocacy,
education. They do not host any conferences or publish any standards. They do publish several wind
industry surveys and reports.

While not associated with BWE, Husum Wind is a large biennial trade fair held in September in Husum,
Germany. It is well attended and rivals the annual EWEA conference in size.
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2.21.1.8. DWIA
The Danish Wind Industry Association (DWIA) is basically a wind energy industrial group which works to
promote policy advocacy, wind energy education and collaboration within Denmark.

DWIA also hosts the Global Wind Organization. This is a non-profit industrial consortium of many of the
large wind turbine manufactures. Their focus is in developing common worker safety training standards.

2.21.2. State Wind Energy Trade Associations
There are several U.S. state wind energy associations, such as the following:

e C(California Wind Energy Association (CalWEA)
e South Dakota Wind Energy Association (SDWEA)
e lowa Wind Energy Association (IWEA)

These state agencies are primarily focused on promoting the use and development of wind energy in
their state. They also are engaged in state policy promotion and education. They generally do not get
involved in offshore matters, publishing standards or inspection related areas.

2.21.3. Industrial or Manufacturing Wind Energy Trade Associations

22131 G9
The G9 Offshore Wind Health and Safety Association is a consortium of nine largest offshore wind
developers. They are as follows: Centrica, DONG Energy, E.ON, RWE Innogy, Scottish Power Renewables,
SSE, Statkraft, Statoil and Vattenfall. Their primary aim is to create and deliver world class health and
safety performance in the offshore wind industry. They have published the following good practices
guidelines:

e Working at height in the offshore wind industry

e The safe management of small service vessels used in the offshore wind industry

2.21.3.2. CREIA
The Chinese Renewable Energy Industry Association (CREIA) is an industrial group which acts as a liaison
between academia, regulatory agencies and industry. They do not host any events. They publish several
renewable energy reports and surveys, but not any standards.

2.21.4. International Wind Energy Trade Associations

2.21.4.1. GWEC
The Global Wind Energy Council (GWEC) is an international trade association for the wind power
industry. Their focus is as a wind energy advocacy, policy and educational outreach. They publish several
wind energy reports and surveys.
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2.21.4.2. WWEA
The World Wind Energy Association (WWEA) is another international trade association for the wind
power industry. Their focus is as a wind energy advocacy, policy and educational outreach. They publish

several wind energy reports and surveys.

2.21.4.3. IEA Wind
The International Energy Agency (IEA) Wind agreement is a vehicle for member countries to exchange
information on the planning and execution of national large-scale wind system projects and to
undertake co-operative research and development (R&D) projects called Tasks or Annexes.

2.22. Accident Reporting
In this section we will address whether OWF and ONWF accidents/incidents (domestic or international)
are currently reported and if so, how they are reported and to whom they are reported.

In this section we will address whether OWF and ONWF accidents/incidents (domestic or international)
are currently reported and if so, how they are reported and to whom they are reported.

An accident is a sudden, unplanned, unforeseen event, which results in an unwanted outcome either in
the form of personal injury or damage to plant/equipment or environment. An accident should be
recognized as being distinct from any spontaneous manifestation of symptoms developed over a period
of time due to an underlying medical condition. An accident can also be an act of non-consensual
physical violence done to a person at work. We can group the accidents in four categorize:

a. Non-Lost Time Accident: This is an accident that although a person has received an injury it was
not serious enough for that person to be absent from work.

b. Lost Time Non-Reportable Accident: This is an accident, which results in a person being injured
to the extent that they are unable to attend work from the next working shift.

c. Lost Time Reportable Accident: This is a fatality or an accident that results in the injured person
being absent from work due to the injury for a period of more than 3 days and requires to be
reported to the appropriate enforcing authority.

d. Major Injuries: A list of the major injuries that is reportable’.

73 Major Injuries:
a. Any fracture other than that to the fingers, thumbs or toes.
b. Anyamputation.
Cc. Dislocation of the shoulder, hip, knee or spine.
d. Loss of sight.
e. A chemical or hot metal burn to the eye or any other penetrating injury to the eye.

f.  Anyinjury resulting from an electric shock or electrical burn (including any electrical burn caused by arcing or arcing
products) leading to unconsciousness or requiring resuscitation or admittance to hospital for more than 24 hours.
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e. Dangerous Occurrences: A dangerous occurrence is normally an accident which does not result

in an injury but which clearly had the potential to cause a major injury. A list of the types of
dangerous occurrences can be found in Appendix J.
f. Reportable Diseases: There are a number of diseases that if diagnosed as a result of work are
reportable to the health and safety authority. A comprehensive list is provided in Appendix K.
g. Environmental Accidents: Accident that harms the environment.

Certain accidents are reportable to either the local health and safety authority or the local
environmental safety authority. However, in practicality a single contact number should be established
within an incident contact centre (ICC) within an office or construction site to alleviate the difficulty in
deciding which one to contact. When contacted, the ICC should be prepared to forward the accident
report to the appropriate enforcing authority.

When an accident occurs, and investigation should be carried out in order to establish the facts, review
the causes resulting in an accident, draw conclusions on the cause of the accident and formulate
recommendations to prevent further recurrence.

All managers must ensure that their staff and contractors are aware of the open and honest culture
about safety to encourage the reporting of accidents. It is fully recognized that accidents and dangerous
occurrences can be a result of failings in management controls and are not necessarily the fault of
individual employees.

In all countries employers have a legal duty to report and record accidents under certain regulations, for
example employers are required to report accidents under Reporting of Injuries, Diseases and
Dangerous Occurrences Regulations in the UK; although this regulation makes no explicit demand to
investigate accidents another UK regulation, Management of Health and Safety at Work Regulations
1999 state that “Every employer shall make and give effect to such arrangements as are appropriate,
having regard to the nature of his activities and the size of his undertaking, for the effective planning,

g. Any other injury that
i Leads to hypothermia, heat-induced illness or to unconsciousness,
ji. Requires resuscitation, or
iii. Requires admittance to hospital for more than 24 hours.
h.  Loss of consciousness caused by asphyxia or by exposure to a harmful substance or biological agent.

i.  Either of the following conditions which result from the absorption of any substance by inhalation, ingestion or
through the skin — Acute illness requiring medical treatment: or

j. Loss of consciousness

k.  Acute illness which requires medical treatment where there is a reason to believe that this resulted from exposure to
a biological agent or its toxins or infected material.
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Organization , control, monitoring and review of preventative and protective measures”. The approved

code of practice that accompanies this regulation in the UK states that monitoring includes adequately
investigating the immediate and underlying causes of accidents and incidents to ensure remedial action
is taken.

On the occurrence of an accident or unsafe condition, all employees have a duty to:

a. Take such emergency action, as is appropriate, to correct the unsafe condition and minimize
loss,

b. Report all accidents (including property/equipment damage and the discharge of substances) as
soon as reasonably practicable but within the employees shift,

c. Co-operate fully with any accident investigation, in order to minimize loss and prevent
recurrence.

2.22.1. Training Requirements
All staff conducting accident/incident investigations must be suitably trained to ensure that effective
accident/incident investigation, notification and reporting requirements are carried out.

As a minimum the training must include:

Communicating legal requirements
Reporting and recording systems
Procedures for control of accident area
Investigation techniques

Accident causation investigation

S0 o o0 T o

Correct completion of all documentation for recording and reporting

Training should also be given to anyone that requires putting information into the company’s electronic
accident recording system, where applicable.

2.22.2. General Reporting Requirements
As we all know not all accidents result in significant injuries which may otherwise cause persons being
absent from work. In such occasions the following reporting procedure for non-lost time accidents
should be followed. However, where the injury sustained is significant and the injured staff member or
contractor needs time-off from work for recovery, the accident causing the injury should be reported
without delay to their supervisor during normal working hours or the appropriate management centre
out of normal working hours.

2.22.3. Non-Lost Time Accidents
This is accident which does not result in lost time at work. An example for such accident is an incident
such as staff or contractor ending up having a deep cut to hand while stripping cable. In this scenario,
the injured gets to taken to a hospital just after lunchtime where he receives three stitches. After this
treatment he injured goes home that afternoon and returns to normal duties on the following day.
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2.22.3.1. Reporting
In the event of a non-lost time accident the injured or someone on his behalf should report it

immediately to his supervisor during normal working hours. If the accident occurs after regular working
hours, the accident it should be reported to the person in charge of operations at the time or to their
supervisor as soon as is reasonably practical but no later than 12 hours after the accident. The accident
register should be completed as soon as possible after the accident. Upon notification of the accident
the supervisor must inform the local H&S officer and, where applicable, appropriate trade union safety
representative within 24 hours. The initial accident information should be recorded on the accident
reporting and investigation form of the company. Where appropriate, the health and safety officer
should notify the company’s health and safety manager by either email or by phone as soon, as is
reasonably practicable.

2.22.3.2. Investigation
Depending upon the severity of the accident, a local investigation should be carried out by the team
leader or supervisor. The team leader or supervisor should use the accident reporting and investigation
form to initiate the investigation of the accident. After completion the accident investigation the team
leader or the supervisor should make the recommendations in the accident form, which needs to be
agreed with the health and safety manager, the department manager, injured person and trade union
safety representative, where applicable. Time scales for implementation of the recommendations
should be set and agreed by all parties and the accident form should be signed off by health and safety
manager, department manager, the team leader or the supervisor and injured person. Completion of
each recommendation should be monitored using the electronic accident recording system, where
applicable.

2.22.3.3. Recording
The team leader or the supervisor should ensure that the details of the accident are entered into the
accident log book. This is a legal requirement under the relevant regulations in countries such as the UK,
Denmark and Germany. The original accident form should be forwarded to appropriate department
nominated person for logging into the electronic accident recording system, where applicable, within
four days from the date of the accident. Copies of the completed accident form should be forwarded to
the local health and safety officer and the trade union appointed safety representative, where
applicable.

2.22.4. Lost Time Non-Reportable Accident

When the injury sustained has prevented the injured person from returning to work for between one
and three days (inclusive) following the day of the accident, the accident qualifies as a lost time non-
reportable accident. These types of injuries are normally of a serious nature but not one of the major
injuries. As an example for an accident of this kind let’s consider the following scenario. A staff member
or contractor trips while entering a wind turbine on Wednesday. He receives a severe gash to the leg
after striking the metal handle of a hatch opening. Injured gets taken to a hospital where he receives
stitches. Injured cannot go to work on Thursday and Friday and returns to work on Monday.

BSEE Offshore Wind Energy Inspection Procedure Assessment Page 135 of 730



ABS Group A BSEE

2.22.4.1. Reporting
In the event of a lost time non-reportable accident the injured or someone on his behalf, should

immediately report the incident to his supervisor during normal working hours. Out with normal
working hours the incident should be reported to the appropriate person in charge. The accident log
book should be completed as soon as possible after the accident.

Upon notification of the accident the supervisor must inform the department manager, the local health
and safety manager and the appropriate trade union safety representative, where applicable, as soon as
practicably possible. The initial information about the accident should be recorded on the accident form
without delay in order to ensure that all relevant information recorded. The local health and safety
manager should inform all members of the company’s health and safety team by either email or by
phone as soon as practicably possible.

2.22.4.2. Investigation
It is at this point that the department manager in consultation with the health and safety manager need
to make a judgment call on whether or not the severity or potential severity requires a panel of inquiry
to be initiated. If the decision is such that a higher level of investigation is required then the following
process should be activated.

The key to a good accident investigation is that it is prompt, thorough, impartial and objective. It is
imperative that as much evidence is collected as quickly as possible after the event. There are four
simple ingredients that cover a good investigation and these are;

« Collection of Evidence

o Assemble and Consider the Evidence

o Compare the Evidence against Standards, Technical Specs and Procedures etc.
o Implement Findings and Track their Progress

a. Collection of Evidence: The evidence should be collected using the following methods:

i.  Observations: This process includes observation of the physical surroundings, access, egress,
plant and substances in use, location of physical parts, post-event checks, tests and most
importantly photographs of the incident area.

ii. Interviews: This process involves interviewing those people who were either directly involved in
accident or witnessed the accident such as co-workers, supervisor, maintenance and/or
inspection staff.

iii. Documentation: This process involves examination of documentation such as written work
instructions, risk assessment method statements, authorizations, training records, drawings,
test records, surveys and previous incident records.

b. Assessment of Evidence: Information collected in the process above should be gathered and
cross-examined for accuracy and reliability. The amount of evidence should be proportionate to
the complexity and technical aspect of the incident, as should the numbers of people cross-
examining the evidence. It is important to ensure that the evidence is assessed at in a systematic
approach by verifying the statements.
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c. Comparison: It is equally important to compare the evidence that has been collated against legal

requirements, approved codes of practice, company’s own safety procedures, risk assessment
method statements, technical standards and national standards and industry standards.

d. Implementation: Once the process outlined above is complete, investigation process should be
concluded, and based on the conclusions a set of recommendations should be made for
implementation. The recommendations should be recorded either as part of a formal report for
a panel of inquiry or in the appropriate section of the accident form for a local investigation.
Time scales for implementation of the recommendations should be set and agreed by all parties
and the accident form should be signed off by department manager, supervisor, injured person
and safety representative. Completion of each recommendation should be monitored using an
appropriate progress tracking system such as the electronic accident recording system.

2.22.4.3. Recording
The supervisor should ensure that details of the accident are entered into the accident book. This is
normally a legal requirement under the applicable regulations of countries where wind farms are
developed. If a panel of inquiry was established then the recording process of the panel of inquiry
reporting procedure should be followed. The original accident form should be forwarded with the panel
of inquiry number to appropriate department’s nominated person for logging into the electronic
accident recording system, where possible, within four days from the date of the accident. Copies of the
completed accident form should be forwarded to the local health and safety manager and the safety
representative of trade union, where applicable, a copy should also be retained with the full report if a
panel of inquiry was established.

2.22.5. Lost Time Reportable Accident
A lost time reportable accident is where the injury sustained has prevented the injured person from
returning to work for more than three days following the day of the accident. This type of injury is
normally of a serious nature. As an example for an accident of this kind let’s consider the following
scenario. Staff or contractor slips while entering dry deck in the wind turbine foundation and tares
ligaments in ankle. He is unable to return to work for four days after the day of the accident.

2.22.5.1. Reporting
Where a staff or contractor receives an injury that is severe enough which results in injured not being
able to return to work for more than three days, it needs to be reported to the health and safety
authority of the country as soon as possible and the injured must be hospitalized, but only if it is
possible to ensure the accident area has been made safe and it is safe to move the injured person.

Arrangements must be made by those on the wind farm site for the team leader to be notified without
delay in case such incidents. Once the injured person is attended by medics and the injury is reported,
the accident book should be completed as soon as possible after the accident. The initial information
should be recorded on the accident form at this point.
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2.22.5.2. Investigation
It is at this point the department manager, in consultation with the health and safety manager should

make a judgment call on whether or not the severity or potential severity requires a panel of inquiry to
be initiated. If the decision is that a higher level of investigation is required then the process explained
above should followed.

If the accident severity or potential severity does not require the initiation of a panel of inquiry, then a
local investigation following the procedure for a non-lost time accident should be implemented.
Depending on the severity or potential severity, the investigation may be carried out by the supervisor
in conjunction with a member of staff from the health and safety department.

Having carried out a panel of inquiry or a local investigation, the responsible person should set out the
recommendations. The recommendations should be recorded either as part of a formal report, for a
panel of inquiry, or in the appropriate section of the accident register form for a local investigation.

Time scales for implementation of the recommendations will be set and agreed by all parties and the
accident form signed off by department manager, team leader or supervisor, injured person and safety
representative. Completion of each recommendation should be monitored using an appropriate
monitoring system such as electronic accident recording system.

2.22.5.3. Recording
The supervisor should ensure that details of the accident are entered into the accident book. This is a
legal requirement in almost all countries where wind farm are developed, presently.

If a panel of inquiry was established then the recording process of the panel of inquiry reporting
procedure should be followed. The original accident register form should be forwarded to appropriate
department’s nominated person for logging into the electronic accident recording system within four
days from the date of the accident, where applicable. Copies of the completed accident forms should be
forwarded to the local health and safety manager and the trade union appointed safety representative,
where applicable, a copy should also be retained with the full report if a panel of inquiry was
established.

2.22.6. Fatalities to Staff or Contractors

2.22.6.1. 10.5.1 Reporting
In the event of a fatality to a staff member or one of the contractors, it should immediately be notified
to the emergency services. The site of the accident should be left as it is unless it poses a further danger
to staff, contractors or third parties. Having informed the emergency services, the staff on site should
notify immediately their team leader during normal working hours and the relevant supervisor out with
normal working hours. The accident book should be completed as soon as possible after the accident
and initial details should be recorded using the accident register form.
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2.22.6.2. Investigation
Any fatality should initiate a company board of inquiry. The techniques for investigating the accident are

same as explained above. If the supervisor is the first person to attend site then he should use the
accident reporting and investigation form to capture potentially vital information to aid the inquiry
members, as the panel members may not be appointed immediately.

Having carried out the investigations above, the responsible person for the investigation should set out
the recommendations. The recommendations should be recorded as part of a formal report; they should
be agreed with the relevant parties on a timely basis. Time scales for implementation of the
recommendations should be set and agreed by all parties. The inquiry chairperson should track each
recommendation for completion and each one of them should be signed off as and when completed.
Where possible, completion of each recommendation should be monitored using an electronic accident
recording system.

2.22.6.3. Recording
The initial details of the incident should be recorded, if possible within the electronic accident recording
system, within four days of the incident. All further information should be recorded under company
specific procedures and applicable regulations. A copy of the accident form should be passed to the
responsible person for completion, if possible on the electronic accident recording system; the accident
must be recorded in the accident book where there is no such system. All documentation and reports
should be recorded and maintained by the health and safety department.

2.22.7. Dangerous Occurrences
There are a number of different types of dangerous occurrences that are required to be notified to the
relevant enforcing authority under relevant regulation of a country such as Reporting of Injuries,
Diseases and Dangerous Occurrences Regulations 1995 in the UK. It is important to note that these
occurrences can be electrical and non-electrical and may or may not involve injuries. An example of a
dangerous occurrence can be given as an incident whereby a mini-digger overturns during an excavation
operation when it topples over the edge of a kerb on Monday; there are no injuries sustained. As there
is no injury or the injury is not notifiable to the enforcing authority then the near-miss must be notified
to them. A list detailing the most common types of relevant dangerous occurrences can be found in
Appendix J.

2.22.7.1. Reporting
Arrangements must be made by those on site for the supervisor to be notified without delay. Any
dangerous occurrence, as listed in Appendix J, must be notified by the quickest possible means in order
to enable the person in charge to notify the relevant enforcing authority without delay. Out of Hours
reporting should be the responsibility of supervisor in charge, normal hours the SHE manager should
perform this duty. Upon receipt of the notification the supervisor should promptly notify the
department manager and the local SHE manager. Initial details of the dangerous occurrence should be
recorded on the incident register form. The incident book should be completed as soon as possible after
the incident.
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2.22.7.2. Investigation
It is at this point that the department manager, in consultation with the SHE manager is required to

make a judgment call on whether or not the potential severity of the incident requires a panel of inquiry
to be initiated. If the decision is that a higher level of investigation is required then the above procedure
should be followed.

The technique for investigating the dangerous occurrences is same as that of accident investigation. The
supervisor should use the incident reporting and investigation form to capture potentially vital
information about the dangerous occurrence to aid the panel of inquiry members, as the panel
members may not be appointed immediately.

If the dangerous occurrence potential severity does not require the initiation of a panel of inquiry, then
a local investigation following the procedure for a non-lost time accident should be implemented.
Depending on the potential severity, the investigation may be carried out by the supervisor in
conjunction with a member of staff from the SHE department.

Having carried out a panel of inquiry or a local investigation, the responsible person should set out the
recommendations. The recommendations should be recorded either as part of a formal report, for a
panel of inquiry, or in the appropriate section of the accident form for a local investigation.

Time scales for implementation of the recommendations should be set and agreed by all parties and the
incident form should be signed off by department manager, supervisor, person who was subject to near-
miss and safety representative. Either the panel of inquiry chairperson or the investigating supervisor
should track each recommendation for completion. Completion of each recommendation should be
monitored using the electronic accident recording system, where possible.

2.22.7.3. Recording
If a panel of inquiry was established then the recording process of the panel of inquiry reporting
procedure should be followed. The original incident form should be forwarded to appropriate
department’s nominated person for logging into the electronic accident recording system within four
days from the date of the accident, where possible.

Copies of the completed incident form should be forwarded to the local SHE manager and the trade
union appointed safety representative, where applicable, a copy should also be retained with the full
report if a panel of inquiry was established.

2.22.8. Reportable Diseases
In most of countries where wind farms are developed, companies are required to report certain diseases
that persons at work suffer from as a result of working at OWF, ONWF, OSP, Met-Mast. A sample list of
the types of diseases reportable to the enforcing authorities is listed in Appendix K. An example of a
reportable disease can be given as an incident whereby a company receives confirmation from the
doctor of an employee or contractor that he has been diagnosed with occupational dermatitis and that
further medical examinations are carried out to establish the potential cause of this disease.
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2.22.8.1. Reporting
It is the duty of any member staff or contractor to report to his supervisor immediately that his doctor

has diagnosed him with a disease that may have resulted from work related activities. In this case, a
written confirmation of the diagnoses should be sent to the appropriate HR department. In return the
HR manager should inform the relevant department manager and the SHE manager upon written
confirmation from a doctor that a member of staff or contractor is suffering from a work related
disease. If it is established through the company’s health surveillance program that a member of staff or
contractor is suffering from one of the occupational diseases as defined in a relevant legislation, the SHE
department should promptly notify the senior SHE manager and HR manager. The SHE department
should complete the accident book and report confirmed cases of a work related disease as soon as
possible.

2.22.8.2. Investigation
SHE manager should conduct any investigation into a confirmed or potential case of a reportable
disease. The technique for investigating the reportable disease does not change from that of
investigating an accident. Having carried out the investigations above, the responsible person for the
investigation should set out the recommendations. Time scales for implementation of the
recommendations should be set and agreed by all parties. The recommendations should be recorded as
part of a formal report. The responsible person for the investigation should track each recommendation
for completion. Completion of each recommendation should be monitored using the electronic
recording system, where possible.

2.22.8.3. Recording
The supervisor should ensure that the details of the disease are entered into the accident book. This is a
typically a legal requirement under applicable regulation of each country. The original disease form
should be retained by SHE department for logging into the electronic recording system, where
implemented. The records should be completed within four days from the date of the confirmation of
the reportable disease.

2.22.9. Environmental Accident Reporting
It is an established practice to report environmental accidents to local authorities in most countries
where wind farms are developed. An example of an environmental accident can be given as an incident
whereby there is an oil leak into soil in an ONWF or major fuel discharge from a transportation vessel,
which is used for transporting OWF maintenance and inspection crew.

2.22.9.1. Reporting
It is the duty of any member staff or contractor to report any environmental incident to SHE manager
via his supervisor immediately. SHE manager is responsible to report the accident to the local
environmental protection agency by following their incident reporting procedure. The initial information
about the accident should be recorded on the accident form without delay in order to ensure that all
relevant information recorded. The local SHE manager should inform all members of the company’s
health and safety team by either email or by phone as soon as practicably possible.
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2.22.9.2. Investigation
It is at this point that the SHE manager, in consultation with the company director should make a

judgment call on whether or not the potential severity of the incident requires a panel of inquiry to be
initiated. If the decision is that a higher level of investigation is required then the investigation
procedure explained above should be followed.

The technique for investigating the dangerous occurrences is same as that of accident investigation. The
supervisor should use the incident reporting and investigation form to capture potentially vital
information about the dangerous occurrence to aid the panel of inquiry members, as the panel
members may not be appointed immediately.

If the dangerous occurrence potential severity does not require the initiation of a panel of inquiry, then
a local investigation following the procedure for a non-lost time accident should be implemented.
Depending on the potential severity, the investigation may be carried out by the supervisor in
conjunction with a member of staff from the SHE department and the local environmental protection
agency.

Having carried out a panel of inquiry or a local investigation, the responsible person should set out the
corrective actions and recommendations, which should be recorded either as part of a formal report, for
a panel of inquiry, or in the appropriate section of the accident form for a local investigation.

Time scales for implementation of the corrective actions and recommendations should be set and
agreed by all parties including the local environmental protection agency and the accident form should
be signed off by department manager, supervisor and SHE manager. Either the panel of inquiry
chairperson or the investigating supervisor should track each corrective action and recommendation for
completion. Completion of each corrective action and recommendation should be monitored using the
electronic accident recording system, where possible.

2.22.9.3. Recording
If a panel of inquiry was established then the recording process of the panel of inquiry reporting
procedure should be followed. The original accident form should be forwarded to appropriate
department’s nominated person for logging into the electronic accident recording system within four
days from the date of the accident, where possible. All accident related communications with the local
environmental protection agency should also be documented and recorded.

Copies of the completed incident form should be forwarded to the local SHE manager and the
environmental protection agency, as appropriate, a copy should also be retained with the full report if a
panel of inquiry was established.

US regulatory code

The section of the US code which covers environmental accident reporting is 30 CFR 585.815 -833 which
is repeated in the following:
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30 CFR 585 — Renewable energy and alternate uses of existing facilities on the OCS

Subpart H — Environmental and Safety Management, Inspections, and Facility Assessments for Activities
Conducted Under SAPs, COPs and GAPs

§ 585.815 What must | do if | have facility damage or an equipment failure?

a) If you have facility damage or the failure of a pipeline, cable, or other equipment
necessary for you to implement your approved plan, you must make repairs as soon as
practicable. If you have a major repair, you must submit a report of the repairs to
BOEM, as required in § 585.711.

b) If you are required to report any facility damage or failure under § 585.831, BOEM may
require you to revise your SAP, COP, or GAP to describe how you will address the facility
damage or failure as required by § 585.634 (COP), § 585.617 (SAP), § 585.655 (GAP). You
must submit a report of the repairs to BOEM, as required in § 585.703.

c¢) BOEM may require that you analyze cable, pipeline, or facility damage or failure to
determine the cause. If requested by BOEM, you must submit a comprehensive written
report of the failure or damage to BOEM as soon as available.

§ 585.816 What must | do if environmental or other conditions adversely affect a cable, pipeline, or
facility?

If environmental or other conditions adversely affect a cable, pipeline, or facility so as to endanger the
safety or the environment, you must:

a) Submit a plan of corrective action to BOEM within 30 days of the discovery of the
adverse effect.

b) Take remedial action as described in your corrective action plan.

c) Submit to the BOEM a report of the remedial action taken within 30 days after
completion.

585.830 What are my incident reporting requirements?

a) You must report all incidents listed in § 585.831 to BOEM, according to the reporting
requirements for these incidents in §§ 585.832 and 585.833.

b) These reporting requirements apply to incidents that occur on the area covered by your
lease or grant under this part and that are related to activities resulting from the
exercise of your rights under your lease or grant under this part.

c) Nothing in this subpart relieves you from providing notices and reports of incidents that
may be required by other regulatory agencies.

d) You must report all spills of oil or other liquid pollutants in accordance with 30 CFR
254.46.
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§ 585.831 What incidents must | report, and when must | report them?

a) You must report the following incidents to us immediately via oral communication, and

provide a written follow-up report (paper copy or electronically transmitted) within 15
business days after the incident:

Vi.

vii.

viii.

Fatalities;

Incidents that require the evacuation of person(s) from the facility to
shore or to another offshore facility;

Fires and explosions;

Collisions that result in property or equipment damage greater than
$25,000 (Collision means the act of a moving vessel (including an
aircraft) striking another vessel, or striking a stationary vessel or object.
Property or equipment damage means the cost of labor and material to
restore all affected items to their condition before the damage,
including, but not limited to, the OCS facility, a vessel, a helicopter, or
the equipment. It does not include the cost of salvage, cleaning, dry
docking, or demurrage);

Incidents involving structural damage to an OCS facility that is severe
enough so that activities on the facility cannot continue until repairs are
made;

Incidents involving crane or personnel/material handling activities, if
they result in a fatality, injury, structural damage, or significant
environmental damage;

Incidents that damage or disable safety systems or equipment (including
firefighting systems);

Other incidents resulting in property or equipment damage greater than
$25,000; and

Any other incidents involving significant environmental damage, or
harm.

b) You must provide a written report of the following incidents to us within 15 days after

the incident:

Any injuries that result in the injured person not being able to return to
work or to all of their normal duties the day after the injury occurred;
and

All incidents that require personnel on the facility to muster for
evacuation for reasons not related to weather or drills.

§ 585.832 How do | report incidents requiring immediate notification?

For an incident requiring immediate notification under § 585.831(a), you must notify BOEM verbally
after aiding the injured and stabilizing the situation. Your verbal communication must provide the

following information:
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a) Date and time of occurrence;

b) Identification and contact information for the lessee, grant holder, or operator;

c) Contractor, and contractor representative's name and telephone number (if a
contractor is involved in the incident or injury/fatality);

d) Lease number, OCS area, and block;

e) Platform/facility name and number, or cable or pipeline segment number;

f) Type of incident or injury/fatality;

g) Activity at time of incident; and

h) Description of the incident, damage, or injury/fatality.

§ 585.833 What are the reporting requirements for incidents requiring written notification?

a) Forany incident covered under § 585.831, you must submit a written report within 15
days after the incident to BOEM. The report must contain the following information:
i. Date and time of occurrence;

ii. Identification and contact information for each lessee, grant holder, or
operator;

iii. Name and telephone number of the contractor and the contractor's
representative, if a contractor is involved in the incident or injury;

iv. Lease number, OCS area, and block;

v. Platform/facility name and number, or cable or pipeline segment
number;

vi. Type of incident or injury;

vii. Activity at time of incident;

viii. Description of incident, damage, or injury (including days away from
work, restricted work, or job transfer), and any corrective action taken;
and

ix. Property or equipment damage estimate (in U.S. dollars).

b) You may submit a report or form prepared for another agency in lieu of the written
report required by paragraph (a) of this section if the report or form contains all
required information.

c) BOEM may require you to submit additional information about an incident on a case-by-
case basis.

2.23. Type of Reported Accidents

In this section we address what types of accidents are generally reported in the wind energy sector.

According to European Agency for Safety and Health at Work over the past few years there has been an
upwards trend in the number of accidents occurring in the wind energy sector. This is linked to the
increased number of wind turbines, as more WTGs were installed, more accidents occurred. The
Caithness Wind Farm Information Forum (CWIF), which gathers worldwide information on wind turbine
related accidents through press reports or official information releases, provides statistics about
accidents reported in the wind energy sector. These reports used for the research provide a cross-
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sectional assessment of the types of accidents that occur and their consequences. Since 1970, the total
number of accidents has exceeded 1,400, but most of these occurred over the last five years. According
to statistics available on average, there were 141 accidents per year from 2008 to 2012, and, in 2013, by
30th September, 112 accidents had occurred. Since 1970, 104 fatal accidents have occurred causing 144
fatalities, and, of these, 87 deaths were among support workers within construction, maintenance and
engineering or among small turbine owners and operators. The remaining 57 fatalities involved
members of the public or individuals in some way not directly linked to wind energy production,
including, for example, transport workers. A total of 99 accidents have caused human injury to wind
industry or construction and maintenance workers, while 23 further accidents have caused injuries to
members of the public or workers not directly involved in wind energy production, such as fire fighters
and transport workers. Since 2012, CWIF has also included human health incidents in its statistics. These
incidents include, for example, turbine noise and shadow flicker. There were six incidents impacting on
human health in 2012 and 24 up to 30th in 2013. Such incidents are predicted to increase significantly as
more turbines are built. CWIF believes that its compendium of accident information is the most
comprehensive available, but stresses that it may represent only 9 % of actual accidents. Accident data
in the wind energy sector are hard to find and usually the information available is not very
comprehensive. Some national wind energy associations do publish accident statistics, and these data
confirm that there are more accidents within the wind energy sector.”

According to CWIF, the accident data compiled and shown in the tables below is comprehensive as CWIF
believes that it may not cover all accidents in terms of numbers of accidents and their frequency. CWIF
stated that according to the Daily Telegraph report on 11" December 2011 RenewableUK confirmed
that there had been 1,500 wind turbine accidents and incidents in the UK alone in the previous 5 years.
However in CWIF data covers only 142 UK based accidents from 2006 to 2010 and therefore CWIF
figures may only represent 9% of actual accidents by their own admission. But nevertheless, CWIF
believes that this compendium of accident information may be the most comprehensive available
anywhere ever collected in the wind energy field. CWIF confirms that the detailed Figure 4 —- WTG
Accident Trend Worldwide includes all documented cases of WTG related accidents and incidents which
they could find and confirm through press reports or official information releases up to 31 December
2014. In the following section we share the accident information assembled and reported by CWIF
within their recently published report “Summary of Wind Turbine Accident Data to 31 December
2014”7,

CWIF reports that the accident trend has been as expected; as more WTGs were built, more accidents
occurred. CWIF states that the numbers of recorded accidents reflect this trend, with an average of 16

™ Occupational Safety and Health in the Wind Energy Sector, European Risk Observatory Report, page 14, European Agency for
Safety and Health at Work, 2013 https://osha.europa.eu/en/publications/reports/occupational-safety-and-health-in-the-wind-energy-
sector

”» Summary of Wind Turbine Accident Data to 30 September 2013, Caithness Windfarm Information Forum, Dec 2014,
http://www.caithnesswindfarms.co.uk/accidents.pdf
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accidents per year from 1995-1999 inclusive; 48 accidents per year from 2000-2004 inclusive; 108
accidents per year from 2005-2009 inclusive, and 155 accidents per year from 2010-2014 inclusive.
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Figure 4 — WTG Accident Trend Worldwide

This general trend upward in accident numbers is predicted to continue to escalate unless health and
safety authorities of countries where WTGs are installed make some significant changes in particular to
protection of the public by declaring a minimum safe distance between new turbine developments and
occupied housing and buildings. For example, in the UK, the Health and Safety Executive does not
currently have a database of WTG failures on which they can base judgments on the reliability and risk
assessments for wind turbines. Although the Health and Safety Executive commissioned “Study and
Development of a Methodology for the Estimation of the Risk and Harm to Persons from Wind Turbines
- R968 Report’®” it still does not have the full data on WTG related accidents.

The health and safety authorities of some countries have started to assess the safety impact of WTGs,
for example the Scottish government has proposed increasing the separation distance between wind
farms and local communities from 2km to 2.5km”’.

CWIF claims that blade failure is the most common accident with wind farms, closely followed by fire.
However, we do not have sufficient data for us to verify that those accidents caused harm to public and
wind farm workers as a result. However we can safely say that those accidents were reported to
relevant health and safety authorities for root-cause investigation and assessment to damage to
environment.

7 http://www.hse.gov.uk/research/rrhtm/rr968.htm

7 http://www.bbc.co.uk/news/uk-scotland-scotland-politics-26579733
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A recent survey’® by GCube, one of the main providers of insurance to renewable energy schemes,

published in the US reports that the most common type of accident is blade failure, and that the two
most common causes of accidents are fire and poor maintenance.

2.23.1. WTG Related Accidents
According to the data collected by CWIF, there were 1662 reported WTG related accidents worldwide in
the period of 1970-2014 as shown in Table 14 below.

Year 70s | 80s | 90s | 2000 | 2001|2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010| 2011 | 2012 | 2013 | 2014 |Total
No of

Accidents| 1 9 98 | 30 | 17 [ 70 | 66 | 59 | 71 | 82 | 124] 131 | 131 | 119 | 166 | 166 | 165 | 157 | 1662

Table 14 — WTG Related Reported Accidents, Worldwide

Likewise according to the data collected by CWIF (see Table 15), there were 112 fatalities caused by
WTG related accidents worldwide the period of 1970-2014 as shown in table below. CWIF points out in
its report that in certain incidents one accident caused more than one fatality.

According to CWIF, of the 112 fatalities 90 fatalities were among wind farm and direct support workers
such as divers, construction, maintenance, engineers and 62 fatalities were among public including
workers not directly dependent on the wind industry such as transport workers, aircraft passengers. For
example in April 2014, a small airplane heading back to South Dakota, US crashed into a wind farm in
foggy weather, killing the pilot and three passengers onboard’®. Another accident happened in March
2012 when a bus carrying 33 passengers collided with a truck loaded with 40 ton wind turbine tower
section killing 17 bus passengers in Brazil. While all reports blamed the bus driver for the accident, this is
certainly an accident involving wind farm construction with the highest death toll until today®’.

Year 70s | 80s | 90s | 2000| 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010| 2011 | 2012 | 2013 | 2014 |Total
No of
Fatalities| 1 8 15 3 0 1 4 4 4 5 5 11 8 7 14 14 4 4 112

Table 15 — WTG Accidents Resulting in Fatalities, Worldwide

CWIF reports that 130 accidents resulting in injury were reported in the period of 1990-2014 as shown in
the table below. Of that 107 accidents caused injury among the wind farm construction/maintenance
workers, and a further 23 accidents affected members of the public or workers who were not directly
involved in wind farm activities such as firefighters, transportation workers.

According to CWIF, 52 WTG incidents impacting upon human health are recorded since 2012 (see Table
16). Those incidences were previously filed under “miscellaneous”. Such incidents include reports of ill-
heath and effects due to turbine noise, shadow flicker, etc.

8 http://www.gcube-insurance.com/press/gcube-top-5-us-wind-energy-insurance-claims-report/

7 http://www.nola.com/news/index.ssf/2014/04/4 dead_after_small plane crash.html

& http://ecotretas.blogspot.co.uk/2012/05/accident-with-bus-and-wind-tower-on.html?utm source=twitterfeed&utm medium=twitter
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Year 70s | 80s | 90s | 2000|2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010| 2011 | 2012 | 2013 | 2014 |Total
No. of

Injuries 5 4 1 2 2 2 6 10 | 16 | 16 9 14 | 12 | 15 9 7 | 130
No. of
Incidents
Impacting
Health 6 27 | 19 | 52

Table 16 — WTG Accidents Resulting in Injuries and Health Problems, Worldwide

2.23.2. Rotor Blade Accidents
CWIF reports that by far the biggest number of incidents was caused by rotor blade failure. Rotor blade
failure can arise from a number of possible root-causes and may result in pieces of blade being thrown
away from a WTG or structural collapse of a WTG. According to CWIF, a total of 309 separate rotor blade
incidences reported in the period of 1900-2014 as shown in Table 17. CWIF report states that rotor
blade pieces are documented as travelling up to one mile. In Germany, rotor blade pieces have gone
through the roofs and walls of nearby buildings. This is why CWIF report recommends a minimum
distance of at least 2km between WTG and occupied housing in order to address public safety and other
issues including noise and shadow flicker.

Year 70s | 80s | 90s | 2000 2001 | 2002 | 2003 | 2004 [ 2005 | 2006 | 2007 | 2008 [ 2009 | 2010| 2011 | 2012 | 2013 | 2014 | Total
No of
Blade
Accidents 35 4 6 15 13| 15| 12| 16| 22| 20 | 26 | 20 | 19 | 28 [ 30 [ 28 [ 309

Table 17 — Rotor Blade Accidents, Worldwide

2.23.3. Fire Related Accidents
According to CWIF, fire is the second most common accident cause in wind farms. This statement may
be true for the operational phase of OWFs and ONWF, but certainly fire is not the second most common
accident during the construction phase of wind farms. CWIF report states that 241 WTG fire incidents,
which can arise from a number of sources (some turbine types seem more prone to fire than others),
were reported in the period of 1990-2014 as shown in Table 18. The biggest problem with WTG fires is
linked to the turbine height in terms of putting off a fire, as the fire brigade can do little but watch it
burn itself out. While this may be acceptable in reasonably still conditions, in a high-wind or storm it
means burning debris being scattered over a wide area, with consequences. In dry weather there is also
fire risk, especially for those constructed in or close to forest areas and/or close to housing.

Year 70s | 80s | 90s | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 [ 2010 | 2011 | 2012 | 2013 | 2014 |Total
No of
WTG
Fires 6 3 2 24 17 15 14 12 21 17 17 13 20 19 23 18 | 241

Table 18 — WTG Accidents caused by Fire, Worldwide

2.23.4. Structural Failure Related Accidents
CWIF report states that from the data they obtained, structural failure is the third most common
accident cause in operational wind farms, with 157 accidents reported in the period of 1980-2014 as
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shown in Table 19. Structural failure is considered to be major component failure under conditions
which components should be designed to withstand for a specified number of years. While WTG design
life mainly concerns storm damage to WTGs and tower collapse, practices such as design error,
manufacturing defects, poor quality control during installation and inadequate maintenance practices
may cause WTG component failure. Although structural failure is far more damaging and more costly to
the asset owner than blade failure, the accident consequences and safety risks to human are lower, as

typically WTGs are not manned and impact of collapse of a WTG will be confined within the wind farm
zone.

Year 70s | 80s | 90s | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010| 2011 | 2012 | 2013 | 2014 |Total
No of

Structural

Failures 1 14 9 3 9 7 4 7 9 13 9 16 9 11 10 14 12 | 157

Table 19 — WTG Accidents caused by Structural Failures, Worldwide

2.23.5. Ice Throw Related Accidents
According to CWIF there are 35 ice throw incidents reported to local authorities in the period of 1990-
2014 as shown in Table 20. CWIF reports that any injury caused by ice throw is reported within the Table
16 — WTG Accidents Resulting in Injuries and Health Problems, Worldwide. It is reported that one of the
ice throw incident involved a throw range of 140 meter. Some Canadian wind farm sites have warning
signs posted asking people to stay at least 305 meter from turbines during icy conditions.

Year 70s | 80s | 90s | 2000 2001 | 2002 | 2003 [ 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 2011 | 2012 | 2013 | 2014 |Total
No. of Ice

Throw

Incidents 9 0 0 2 2 4 4 3 0 3 4 1 1 1 0 1 35

Table 20 — WTG Accidents caused by Ice Throw, Worldwide

2.23.6. Transportation Related Accidents
According to CWIF, there have been 137 reported transport accidents in the period of 2002-2014 as
shown in Table 21. While one of the transportation accidents involved a 45 meter tower section
ramming through a house while being transported, another accident occurred when WTG transporter
knocked a utility pole through a restaurant. The statistics recorded in the table below only include
accidents without injuries and fatalities as those statistics are included in the respective sections above.
While most transportation accidents involve WTG components falling from trucks onshore, there are
also transportation accidents offshore where a number of WTG components reported to be dropped
into the sea during transportation/installation along with a £50 million barge (carried subsea cables)
overturning. Transport accidents are reported to be the single biggest cause of public fatalities.

Year 70s| 80s | 90s | 2000|2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008| 2009 | 2010 2011 | 2012 | 2013 | 2014 |Total
No. of

Transport

ation

Accidents 4 3| 6|l 6|19 11 |11|24]17] 9] 117|137
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Table 21 — Wind Farm Component Transportation Accidents, Worldwide

2.23.7. Environmental Accidents
CWIF reports that 162 environmental accidents (including bird deaths) were reported in the period of
1990-2014 as shown in Table 22. According to CWIF, increased number of environmental accidents
reported since 2007 can be attributed to the changes in legislation or new reporting requirements in
countries where wind farms are built. The accidents reported all involved either damage to the wind
farm site or caused damage to the wildlife, which includes death of protected bird species. CWIF reports
that 2,400 protected golden eagles and about 10,000 protected raptors have been killed at the Altamont
Pass Wind Farm in 20 years in California; in Germany, 32 protected white tailed eagles were found dead
on a wind farm site; in Australia, 22 critically endangered Tasmanian eagles died after hitting WTGs at
Woolnorth Wind Farm.

Year 70s | 80s | 90s | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010| 2011 | 2012 | 2013 | 2014 |Total
No. of

Environm

ental

Accidents 1 0 1 1 8 1 6 5 10| 21| 13| 19| 20 [ 20 | 16 | 20 | 162

Table 22 — Wind Farm Environmental Accidents, Worldwide

2.23.8. Other Accidents
CWIF reports that 327 other miscellaneous accidents have been reported in the period of 1990-2014 as
shown in Table 23. These statistics includes component failure with no consequential structural damage,
lack of maintenance, electrical failure with no injury and fire consequence, lightning strikes with no
blade damage or fire consequence, construction/construction support accidents and other accidents,
which could not be include in other categories.

Year 70s | 80s | 90s | 2000 2001 | 2002 | 2003 [ 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 2011 | 2012 | 2013 | 2014 |Total
No. of
Other
WTG
Accidents 13 7 4 12 | 13 [ 112 | 12| 16 | 18 | 24 | 27 | 25 | 43 | 36 | 33 | 33 | 327

Table 23 — Other WTG Accidents, Worldwide

Although we have relatively sufficient information about the WTG component failure data, we do not
have access to detailed accident information, which is needed to link the reported accidents to WTG
component failures for verification of the type of reported accidents. Therefore, it should be noted that
the statistics included in this section of the study may not represent the actual number of reported
accidents caused by particular WTG component failures.

It is recommended for BSEE to enforce a robust accident reporting system that documents accidents and
near-miss events within offshore and onshore wind sector, as there is a genuine need for accident
records to be collected, monitored and assessed in the process of improving safety performance of the
wind energy industry. At minimum the data on following incidents that should be collected:
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Fatal accident

Serious injury caused by accidents such as fall from heights, electrocution, transportation,
installation, boat landing

Vessel collision

Helicopter crash

Diving accidents

Near-miss event including near vessel collision, helicopter misses

Evacuation of personnel in response to non-weather-related events

S@m 0 a0

Release of hazardous chemicals to soil and ocean

Electrical failure incidents or lightning incidents resulting in fire
j. Incidents involving ice throw, rotor blade throw, structural failure resulting in collapse of WTG.

2.24. Near-Miss Event Tracking
In this section we shall address whether wind farm operators track or report near-miss events and what
events are tracked. The near miss event is an unplanned event that does not result in physical injury or
cause lost time at work. An example for such event, while inspecting a rotor blade via rope access in an
ONWEF inspector drops a heavy object, which just misses a contractor working on the wind farm site. In
this scenario, no one gets injured and everyone carries on with their works.

A number of health and safety guidelines issued by wind energy associations including Renewable UK,
Irish Wind Energy Association, European Wind Energy Association all require near miss events to be
recorded and assess for prevention of event taking place again. RenewableUK states within its Offshore
and Onshore H&S Guidelines that “To be safe an Organization has to learn, particularly from errors and
near misses, which need to be reported and investigated, with effective preventive actions being
followed through and to report, staff need to know that they will not be blamed and punished for
genuine human errors or "honest mistakes" and that their reports will be used for Organization al
learning and safety improvement; however, everyone should remain accountable for their actions, and
the line between acceptable behavior, where honest mistakes are tolerated, and unacceptable behavior
(such as serious deliberate violations) needs to be defined clearly, and understood by all, in order to
establish a “just” safety culture”®.

Irish Wind Energy Association recommends that “From the outset that a document control and record
keeping procedure is established, and arrangements made for the storage, retrieval and maintenance of
the records for their required retention period. Typical project documentation will include H&S
management system procedures and documentation, pre-construction information, preliminary and
construction stage plans, drawings and specifications, electrical systems status records, minutes of
project meetings, project reports, method statements, risk assessments, work permits and associated
documentation, safety incident records including Near-Misses, Good Catches, dangerous occurrences

# Onshore Wind Health & Safety Guidelines, page 37, RenewableUK,
http://www.renewableuk.com/en/publications/index.cfm/Onshore-Wind-Health-and-Safety-Guidelines and Onshore Wind Health & Safety

Guidelines, page 35 http://www.renewableuk.com/en/publications/index.cfm/2013-03-13-hs-guidelines-offshore-wind-marine-energy
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and injuries, chemical agent risk assessments or COSHH assessments and health surveillance records,
test and commissioning reports, training records and certification, equipment certification, daily
personnel attendance records and post-construction surveys”®.

We observe different ways of near miss event tracking in the offshore and onshore wind energy
industry. While some companies still use traditional, manually raised near miss reporting and tracking
system, some companies use electronic reporting and tracking system. No matter which system is in
use, it is vital that all employees and contractors, who work in a wind farm project or in a operational
wind farm, should always be encouraged to communicate all near miss events promptly. Therefore
following communication methods should be followed to enable them to report any near miss events:

a. Open Door Policy: Wind farm owner/operator should support informal
communications through its open door policy with management. This policy is
to encourage personnel and contractors to report health and safety concerns
without fear of reprisal.

b. Hazard Reporting: Personnel and contractors should be encouraged to report
workplace hazards or near misses as per companies’ health and safety
manuals, where possible via electronic near miss/unsafe working conditions
report, or directly to the supervisor or SHE manager.

c. Electronic Communications: Health and safety information should be
distributed via email and in companies’ intranet sites.

As we addressed at the beginning of this section, a near-miss is an event that under different
circumstances can result in harm to people, damage to asset or loss of production. Although it is most
undesirable, a near-miss is an opportunity to learn lessons without injury, environmental incident and
damage to asset integrity. Therefore, learning from a near-miss and implementing the lessons learnt can
help avoid further incidents.

A near-miss is similar to an accident and therefore it should be investigated as thoroughly as an
accident, therefore ensuring a successful system which in turn will reduce accidents and loss. Progress
to prevent injuries can only be made if near-miss incidents are reported and corrective actions are put in
place to prevent re-occurrence. Personnel or contractors are encouraged to give their full details as
anonymous forms are of limited use in the incident investigation process. Implementing a fair and
constructive approach to addressing near-miss events provides an opportunity for all staff to contribute.

2.24.1. Responsibilities
Once a near-miss has been received, SHE manager or team leader should attend the following tasks:

a. Take immediate action as required
b. Investigate the near-miss report within 3 working days

#Health and Safety Guidelines for the Onshore Wind Industry , pages 55-56, Irish Wind Energy Association,
http://www.iwea.com/contentfiles/Onshore%20Wind%20Guidelines.pdf
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c. Inform the line manager of the near-miss and of any actions taken

Complete the near-miss report with proposed actions and completion dates
e. Forward a copy of the near-miss report to relevant SHE advisor and line
manager
Update the person who raised the near-miss with progress
Name persons responsible for actions and discuss implementation

@ =

Update progress to relevant SHE advisor and line manager

Where relevant, arrange for near-miss to be communicated via e-mails, notice
board displays, tool-box talks or team briefing

On receipt of the near-miss report, where applicable, the health and safety advisor should attend the
following tasks:

a. Log near-miss on SHE tracking system database
Assist in the investigation, where required
Monitor corrective actions and enter into the SHE tracking system until
completion

d. If necessary, make arrangements for the near-miss to be discussed in monthly
safety meetings, posted on the notice boards and circulated to other business
units.

Near-miss investigations may require participation from a higher level (possible Panel of Inquiry
depending on severity of actions required) when there is a potential for a major accident or loss or
where it would be unfair to ask the SHE manager or team leader to solve problems beyond their work
scope Occasionally circumstances cross into other managers’ areas of responsibility — the investigation
should then include a section manager from this area. Another typical situation is when the remedial
actions have a broad scope or significant costs, in such cases it may be necessary for the manager to be
consulted to develop the most effective way forward.

However, in all situations the SHE manager and team leader should be included in the investigation to
capitalize on their knowledge and experience.

2.24.2. Near-Miss Events Reporting
The near-miss report form should be completed providing all available details with documented
information such as photographs, drawings or sketches and any information regarded as relevant to
assist the investigation. The form must be forwarded to the SHE manager or team leader, who is
responsible for arranging near-miss investigation. Staff members or contractors should make effort to
take appropriate action to rectify or minimize any risk whenever practically and physically possible even
before any near-miss report is produced.

2.24.3. Near-Miss Events Investigation
All Near Miss reports, incidents and accidents must be investigated thoroughly. Depending upon the
significance of the near-miss event, a local investigation should be carried out by the team leader or
supervisor to determine the root-cause. The team leader or supervisor should use the accident reporting
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and investigation form to initiate the investigation of near-miss. Investigations should result in the
identification of basic causation, suitable recommendations to prevent recurrence and the findings and
recommendations prepared for communication to employees.

After completion this investigation process the team leader or the supervisor should make the
recommendations in the accident form, which needs to be agreed with the health and safety manager,
the department manager and person who was subject to near-miss. Time scales for implementation of
the recommendations should be set and agreed by all parties and the accident form, containing
sufficient information about the near miss event, should be signed off by health and safety manager,
department manager, and the team leader or the supervisor. Completion of each recommendation
should be monitored using the electronic accident recording system, where applicable.

2.24.4. Near-Miss Event Tracking System
Following an investigation and before the near-miss event can be closed off, the findings must be
communicated to the relevant staff. The SHE manager should enter all actions and timescales set from
the near-miss investigation onto company’s SHE tracking system in order to track the progress of the
near-miss report through to completion. The SHE department should also provide a monthly report of
all the outstanding action as part of the safety performance monitoring process. All recommendations
and findings must be communicated to staff and contractors as appropriate. This may be carried out by
using safety meetings, team briefings or holding an extraordinary meeting to present the findings and to
discuss the implementation of the recommendations.

2.24.5. Near-Miss Event Recording
The team leader or the supervisor should ensure that the details of the near-miss event are entered into
the accident log book. This is a legal requirement under the relevant regulations in countries such as the
UK, Ireland, Denmark and Germany. The original accident form containing near-miss incident should be
forwarded to appropriate department nominated person for logging into the electronic accident
recording system, where applicable, within four days from the date of the near miss event taking place.
Copies of the completed accident form should be forwarded to the local health and safety officer and
the trade union appointed safety representative, where applicable.

It is recommended for BSEE to assign HSE auditors to audit OWF and ONWF owners and operators
periodically to monitor the near-miss event tracking practices.

2.25. Identification of BAST

In this section we address whether the wind industry have means of identifying and/or requiring the use
of best available and safest technologies (BAST).

A number of authorities and independent organizations have set up processes to record and evaluate
accidents, incidents and near-miss events either caused by failure in wind farm components as a result
of mechanical, electrical or structural problems or by human error in wind energy industry worldwide.
Some of those authorities are also involved in the consenting process when an OWF or ONWF project
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goes through consent approval process. For example, UK Marine Coastguard Agency (MCA) is one of the
authorities in the UK which reviews proposed OWF plans to assess whether the proposed OWF
development presents risk to navigational safety in the UK territorial waters.

As the wind energy technology has started to mature over the years, a number of technology-related
risks have been identified and addressed. While it is a legal requirement to carry out wind farm design
risk assessment in the UK, Germany and Denmark, it is also a common practice in other European
countries to apply design risk assessment throughout the front-end-engineering-design and detailed
design phases of an OWF project. The selection of best available and safest technology for OWF
components are based on site conditions (including wind, water depth, currents, soil conditions, climatic
conditions and earthquake topography), consent requirements (including wildlife, aviation safety,
navigation safety and defense) and other regulatory requirements. While all OWF projects go through
design risk assessments to ensure that wind farm components, including WTGs, TPs, substructures, OSPs
and Met-Masts, are designed to operate safely with structural integrity intact during the full design life,
which is typically 25 years, the relevant authorities in Denmark, Germany and US require OWF design to
be reviewed and approved by a third party under so called project certification process®. The main
driver behind the third party verification of an OWF project is to ensure that the asset will not present
safety risk while in operation. For example, Bundesamt fiir Seeschifffahrt und Hydrographie (BSH)
requires OWF owners to appoint a third party project certification body to ensure that OWF will not
impair the safety and efficiency of navigation and it will not be detrimental to the marine environment.

2.25.1. Wind Turbine Safety Rules
There are several initiatives to help wind energy industry gather information in order to determine best
available and safest technologies and practices particularly in offshore wind energy field. One of those
initiatives has been commenced by the RenewableUK. RenewableUK has been consulting on the
potential scope to develop new safety rules to support the Wind Turbine Safety Rules (WTSRs) to enable
extended cover for High Voltage (HV) activities. According to Chris Streatfeild, Director of Health and
Safety of RenewableUK, this was initiated in response to a review of the WTSRs which was completed at
the end of 2013 with the report drawing an overall conclusion that “the Rules adequately address the
main inherent dangers associated with installed LV electrical and mechanical equipment in wind
turbines”. However one of the findings of the review was that some stakeholders would support an
extension to cover HV electrical safety. Following consultation with the RenewableUK members and
discussion with the lead RenewableUK health and safety groups a decision has been taken that at
present there is insufficient support for RenewableUK to proceed with the development of new rules &
guidance to extend the WTSRs to cover HV systems. The reasons behind this decision were mainly that
there was no clear consensus that the potential benefits would outweigh the range of safety and
operational risks (both known & unknown risks) that could arise by creating a new HV Rules Set. It is also

® This task is carried by Certified Verification Agent (CVA) in the US.
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noted that there are currently well developed and proven processes available for the safe management
of HV activity within the UK power industry and these are currently in wide use across the wind industry
which can be taken into account by competent persons familiar with their scope and application.
According to Renewable UK, while this project will not at present be taken forward, it is still self-evident
that the risk profile of at least part of the industry is changing - due to size & design of WTGs mainly but
not necessarily only offshore wind projects - and there is likely to be an increase in HV equipment within
towers and nacelles. Therefore RenewableUK states that in view of this, duty holders will still need to
ensure that effective safe systems of work and the appointment of competent persons are properly
addressed taking account “accepted” HV Rules while also addressing the specific WTG/HV configuration.
In taking this into account, RenewableUK has agreed that the primary focus for 2015 should be the
consolidation and effective communication of the WTSR revision3 “Package” which is so well embedded
across the industry. However this would be supported by the development of some high level options
that may be suitable to address the HV situations relevant to wind energy industry, and identification of
the factors to consider when deciding on an approach. Final timelines are yet to be agreed but
RenewableUK expects to be able to announce the finalization and release of the WTSR v3: 2014/5
“Package” (Updated Rules & procedures: Improved Formatting: New Training Standard) in Q1 of 2015.

Wind Turbine Safety Rules (WTSR) document is perhaps the most comprehensive document that
incorporates the best available and safest methods and technologies. RenewableUK considers that when
implemented correctly and appropriately the Wind Turbine Safety Rules will:

a. Represent industry good practice for safeguarding employees from the inherent dangers that
exist from installed electrical and mechanical equipment in wind turbines.

b. Assistin the development and application of safe systems of work in a consistent manner.

C. Provide a robust approach to demonstrating legal compliance with relevant health and safety
regulations.

Prior to the implementation or revision of the WTSRs into an organization’s own health and safety
management systems (or if operated as a standalone system), RenewableUK strongly advises that the
WTSRs and all the supporting guidance are fully taken into account by a competent person in order to
ensure that the WTSRs are implemented correctly and appropriately and that are suitable for any
particular set of circumstances. As recommended by RenewableUK, it is essential that the final
structure, content and format of any rules applied which incorporate any part of the WTSRs are
overseen and signed off by a suitable professionally qualified competent person familiar not only with
WTSRs but also their practical application taking into account site and turbine specific arrangements and
all other relevant circumstances®.

2.25.2. Renewable Industry Safety Exchange
While RenewableUK is leading WTSRs initiative, it also commenced a separate one focusing on safety
benchmarking and safety alerts. The RenewableUK Board has reaffirmed its commitment to health and

8 WTSR-002- 3rd Edition v1, RenewableUK, 2011
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safety in support of their vision “to be a leading enabler in the delivery of an expanding UK wind, wave
and tidal sector free of fatalities, injuries and work related ill-health” through endorsing progress in
producing industry KPls. This has resulted in the launch of the industries’ new incident reporting scheme
“the Renewable Industry Safety Exchange” (RISE). RISE is a sector-led initiative that aims to facilitate the
collation, sharing and dissemination of health and safety incidents, events and emerging industry
learning and good practice for the mutual benefit of all stakeholders working in the renewable energy
sector. RISE seeks to support an industry committed to the highest standards of health and safety and a
collective undertaking to continually improve in health and safety performance. RISE allows the users to:

lodge, review and analyze incidents from their activities within a secure system,

compare their performance against industry peers and the wider renewable industry,

access lessons learnt, suggestions for improvement and key performance indicators of progress,
generate/share safety alerts and receive targeted health and safety news and

P oo T o

support and enhance the health and safety position and reputation of the industry.

Participation in RISE is open to all RenewableUK Members operating across the whole supply chain.
Members can register with the scheme via www.renewablesafety.org. The site is confidential and

secure, conforming to recognized IT and website security standards®’.

2.25.3. The Carbon Trust
The Carbon Trust is another stakeholder in wind energy industry that also started new initiatives called
“the Offshore Wind Accelerator” (OWA). Although this initiative is mainly focused on cost reduction in
offshore wind sector, the search for best available and safest technologies is integral and important part
of the initiative. OWA is Carbon Trust's flagship collaborative research, development & demonstration
program. Set up in 2008, the OWA is a joint industry project, involving nine offshore wind developers
(DONG Energy, E.ON, Mainstream Renewable Power, RWE Innogy, Iberdrola, SSE Renewables, Statkraft,
Statoil and Vattenfall) with 72% (31GW) of the UK's licensed capacity that aims to reduce the cost of
offshore wind by 10% by 2015. Technology challenges are identified and prioritized by the OWA
members based on the likely savings and the potential for the OWA to influence the outcomes. OWA
projects are carried out to address these challenges, often using international competitions to inspire
innovation and identify the best new ideas. The most promising concepts are developed, de-risked and
commercialized as the OWA works closely with the supply chain throughout the process. The OWA
model brings together Carbon Trust's expertise in delivering innovation and convening industry
consortiums with the industrial partners' technical knowledge and resources. The OWA is two-thirds
funded by industry and one-third funded by the UK Department of Energy and Climate Change (DECC)®.

The OWA Research Development & Demonstration programme is focusing on five areas:

® http://www.renewableuk.com/en/our-work/health-and-safety/incidents--alerts.cfm

8 http://www.carbontrust.com/our-clients/o/offshore-wind-accelerator
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a. Foundations: Developing new turbine foundation designs for 30-60m water depths that are

cheaper to fabricate and install.

b. Access systems: Developing improved access systems to transfer technicians and equipment
onto turbines for operations and maintenance in heavier seas.

c. Wake effects: Improving the layout of large wind farms to reduce wake effects and optimize
yields.

d. Electrical systems: Developing new electrical systems to reduce transmission losses and increase
reliability.

e. Cableinstallation: Improving cable installation methods.

These research areas were chosen as they represented the greatest potential for reducing the total cost
of constructing, operating, and financing large offshore wind farms. The derivative benefit of those
research programs is the improvement in safety aspect of the new technology/new solution in offshore
wind energy industry, as each research takes into account the safety aspect of the new design or new
installation techniques when assessing the viability of each innovative solution.

2.25.4. Offshore Wind Acceleration Research — Access Systems
The OWA research on “access systems” is particularly focused on safety and best practices. The offshore
transfer of personnel and equipment is one of the riskiest activities of an OWF operation and
maintenance phase as a number of incidents has taken place during offshore transfer, which also
involves boat landing. Boat landing is not only a high risk activity in terms of safe transfer of personnel
from a vessel to offshore WTG, but also it presents risk to structural integrity of the turbine with crash-
impact generated during the approach of a vessel to an offshore WTG, unless the boat is purpose built
to reduce the safety risk and crash-impact risk on WTG.

The research was initiated following a competition program. The Carbon Trust Offshore Wind
Accelerator Access Competition aimed to identify and develop new access systems to dramatically
improve the availability of WTGs and the safety of people during the transfer to WTGs offshore®’. The
competition shortlisted the following designs in three categories:

a. Vessels: Vessels for transporting personnel and equipment from bases or mother ships to
turbines, incorporating a transfer system. 6 new designs were shortlisted for best vessel
technology in this category.

TranSPAR Craft: According to the designer, the TranSPAR Craft (see Figure 5) is a radically
different type of craft when compared to current access vessel design. An extremely small water
plane area, coupled with a fin keel arrangement similar to that found on high performance
sailing yachts, has resulted in a very stable transfer vessel especially well-suited for operations in

¥ Offshore Wind Accelerator Access Competition - Shortlisted Designs, The Carbon Trust, London, 2010,
http://www.carbontrust.com/media/105306/owa-access-innovators.pdf
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high sea states. While it may not be the fastest vessel in kind, the TranSPAR Craft’s speed has
been optimized for service operations staged from a central hub to meet the in-field service
requirements of deep water offshore wind farms. Anticipated to be cost-effective from both a
manufacturing and operations perspective, the TranSPAR Craft could dramatically change the
approach to offshore personnel transfer and wind farm service strategies.

Figure 5 - TranSPAR Craft Design

WindServer: According to the designer, the Fjellstrand WindServer’s (see Figure 6) innovative hull design
allows very fuel-efficient travel within the wind farm, but unlike other fuel-efficient vessels, it is actually
very stable, hence safe, when stationary which is ideal for transferring engineers to turbines. The
slender waterlines and unique bow ensures minimized motion at high speeds as well as during low
speed maneuvering around the offshore wind farm. The generous deck space made possible by the
hull’s ample load capacity can accommodate practically any transfer system.

Figure 6 — WindServer Design

Nauti-Craft: According to the designer, Nauti-Craft (see Figure 7) is a radical new vessel design unlike
anything else in the maritime engineering industry. The vessel’s hulls are separated from the deck and
superstructure via a ‘passive reactive’ hydraulic suspension system. This technology draws on the Nauti-
Craft team's experience in the development of interconnected suspension systems used by winning
Dakar and WRC rally cars as well as many production motor vehicles including McLaren’s new road car.
The Nauti-Craft system allows the hulls to conform to the ocean's surface while providing improved
stability and safety of the deck for crew transfers. The suspension also reduces structural loadings whilst
increasing passenger comfort and fuel efficiency, permitting greater speed to the work location.
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Figure 7 - Nauti-Craft Design

Pivoting Deck Vessel: According to the designer, the Pivoting Deck Vessel (see Figure 8) concept
incorporates a deck into the vessel, which links with the turbine foundation and reduces motion
significantly during transfers. It also allows heavier equipment to be transferred compared too many
competing systems, which means that the vessel can be used for more O&M operations.

Figure 8 - Pivoting Deck Vessel Design

SolidSea: Robert MacDonald, a student from the University of Strathclyde, is developing a concept for an
innovative access vessel for offshore wind turbines. This novel vessel configuration aims to fulfil two
distinctly different services; firstly, to provide fast and comfortable transit for personnel and equipment
to and from offshore wind farm sites; and secondly, to provide a safe, stable and static transfer platform
on arrival at the turbine base in sea-states above that tolerated by present vessels. The vessel’s design
means the configuration can be changed at sea to accommodate these two different circumstances
allowing maximum potential to be provided in both situations. The concept is at an early stage in the
design process and this feasibility study will investigate the vessel configuration and confirm its
application in the onerous conditions encountered by the offshore wind industry.

Surface Effect Ship: The Surface Effect Ship (see Error! Reference source not found.) design has been
adapted from vessels used by the Royal Norwegian Navy as Mine Counter Measure Vessels and Littoral
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Combat Crafts. Using an air-

Figure 9 — Surface Effect Ship

cushion, like a hovercraft, it moves extremely fast so it can reach a turbine in a shorter weather window
than otherwise would be possible with other vessels. When stationary, the air-cushion can be used to
stabilize the motions of the vessel. The air cushion provides 80% of the lift with 20% coming from
buoyancy. With a limited area of the hull in the water and the air cushion, the impact of waves on vessel
motions is significantly reduced.

b. Transfer systems: Transfer of personnel and equipment from vessel to turbine, potentially with
motion-compensation.
Autobrow: According to the designer, it is an elegant and simple modular transfer system, that is
light weight and flexible. The Autobrow (see Figure 10) works by having a gangway, or brow,
automatically controlled up and down to compensate for the heave and pitch of the vessel. The
tower end of the brow automatically extends to ensure firm contact at all times. The low cost
system provides a significant improvement in transfer safety and operating window. The
Autobrow is being developed by Otso Ltd and designed by Ad Hoc Marine Designs Ltd.

Pivot to allow for Lightweight, muitifunctional structure.
vertical movement,
and limited, roll
induced lateral
motion.

Automatic vertical
adjustment by I ;j
hydraulic cylinderto = |
— " compensate for vertical
motion of bow caused

by vessel heave and
_ pitch.

Figure 10 — Autobrow Design

BMT & Houlder Turbine Access System (TAS) Mark Il: According to the designer, this transfer systemis a
development of the award- winning TAS® system, developed by Houlder with BMT Nigel Gee, for which
sea trials are planned this autumn. The light design can be fitted to smaller vessels to deliver a more cost
effective solution than that achieved by larger dynamically positioned boats carrying complex transfer
platforms (see Figure 11).
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Figure 11 — BMT & Houlder Turbine Access System Design

Momac Offshore Transfer System (MOTS): According to the designer, its innovative robot arm uses
sensors to measure the motions of the vessel and compensates by adjusting the position of the arm to
keep the transfer platform stable. The design is currently undergoing prototype testing. The concept has
significant potential to be used for a variety of operation and maintenance activities.

Wind Bridge: According to the designer, Wind Bridge (see Figure 12) is a pneumatic-based boarding
bridge for access to boat landings on offshore wind turbines from a service vessel featuring an impact
absorbing boarding system and dynamic heave compensation. Once contact is made, an automated
retention clamp system is activated forming a safe access. The Wind Bridge will be clamped to the boat
landing of the wind turbines foundation resulting in a rigidly connected embarkation point which greatly
improves operability in higher sea states.

Figure 12 — Wind Bridge Design

c. Launch and recovery systems: Systems fitted to the permanent bases or mother ships for
launching and recovering daughter craft from the sea.
Divex LARS: Adapting principles from the diving industry, Divex (see Figure 13) have designed a
launch and recovery system (LARS) that uses a semi-submersible cradle that can be lowered
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from the stern of the mother ship to launch and retrieve daughter craft. The inclination of the
cradle is automatically adjusted so that it acts like a ramp when retrieving the daughter craft,
significantly reducing the complexity and risk compared to existing launch and recovery systems.
The design allows launch and recovery in rougher seas with both a stationary and moving
mother ship as the cradle synchronizes with the wave motion.

Figure 13 — Divex Launch and Recovery System Design

Offshore Kinetics Launch & Recovery System: Offshore Kinetics (see Figure 14) is developing a
complete maintenance system for offshore wind farms, consisting of mother ship, service
vessels and personnel facilities. As a part of this concept, Offshore Kinetics has designed a lift
system to launch and recover daughter crafts from the mother ship, and to move the daughter
crafts around the deck so that a number of vessels can be operated from a single mother vessel.

Figure 14 — Offshore Kinetics Launch & Recovery System Design

Z Port: The Z Port (see Figure 15) is a mother ship that remains permanently at sea at the offshore wind
farm zone, accommodating the crew and operation and maintenance technicians and deploying a
number of in-field daughter craft. Z Port creates a sheltered harbor area of 85 by 15 meters to protect
daughter craft from the waves, which means vessels can be launched and recovered in high sea states.
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Towing tank tests show a reduction of 80% of wave height in the harbor compared to actual sea state
outside the harbor.

&

Figure 15 - Z Port Design

Since the competition in 2010, technical experts from the 8 OWA partners and the Carbon Trust have
been working with these innovators to de-risk and commercialize the design of technology.

2.25.5. Design, Construction, O&M and Decommissioning
In this summary section, we compile best available and safest methods and technologies which are
typically implemented for the design, construction, operation & maintenance and decommissioning of
OWF projects. The design parameters for the main elements of an OWF project cover foundation,
transition piece, WTG, Met-Mast, offshore electrical infrastructure including OSP, inter-array cables,
export cable and onshore electrical infrastructure including export cable landing and the onshore
substation. A typical OWF project should ensure that the following aspects of the wind farm design,
construction, operation & maintenance and decommissioning activities are taken into account to ensure
operational safety of OWF:

a. Layout: WTG layout within a project site should be designed and constructed to satisfy the
safety requirements of the national maritime and coastguard agency.

b. Visibility: Marking, lighting and fog-horn specifications must meet the requirements of national
civil aviation authority and national lighthouse authority.

c. Electrical: Main electrical equipment, within WTG and the offshore substation electrical
equipment, which includes a number of ancillary systems such as heating, ventilation and air
conditioning, control and protection system, batteries, battery chargers and uninterruptible
power supply (UPS) and a fire suppression system must meet applicable statutory safety
requirements.

d. Safety Zones: Determine safety zones around the WTGs, Met-Mast, foundations, OSP, subsea
cables during installation and any maintenance works offshore in accordance with applicable
local regulations. For construction purposes, a safety zone with a radius of 500 meter from the
construction vessel should be applied; this rule should also be used for major maintenance
vessel works in the operational phase of an OWF. In addition that, safety zones should also be
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implemented around each of WTG and its foundation during the construction period only. This
should have a radius of 50 meter from the outer edge of the foundation/transition piece
(whichever is the larger). The safety zones should limit all non-project vessels from entering the
safety zones during the construction and maintenance of an OWF.

e. Navigation: Navigation safety areas should be determined around the works for the duration of
the shore-end operations to ensure no vessels or vehicles, which use the beach/near shore,
interact with the OWF construction works.

f. Construction Risk Assessment: Offshore construction methodology should be put in place and
risk assessed for safety of people and environment. Construction risk assessment should include
the activities carried out in the following stages:

i.  Site preparation for offshore substation

ii. Installation of offshore substation foundation
iii. Installation of offshore substation
iv. Site preparation for export cabling

V. Installation of export cable
vi.  Site preparation for foundations
vii. Foundation and transition piece installation
viii.  Site preparation for inter array cabling
iX. Installation of inter-array cables
X. Installation of wind turbines (on previously installed foundations)
xi.  Commissioning of wind turbines

g. OSP: Power generated by WTGs is transmitted by the array cables to OSP (see Figure 16), where
the voltage is converted from medium voltage to high voltage for transmission of power to
shore via export cable. A typical offshore substation can be divided into foundation structure,
which can be suction buckets, piles or a gravity base; the substructure, which can be tubular-
lattice structure, a steel jacket or concrete legs; and the topside, which is typically a box-shaped
structure placed on top of the substructure and houses the electrical equipment such as the
transformers, high voltage and medium voltage switchgear etc. Some OSPs include a helideck.
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Figure 16 — OSP®®

a. Hazardous Substances: Transformer oil is contained within the power transformers to insulate
the electrical components in the topside of OSP. In addition the oil is used to transfer the heat
from the active (energized) transformer parts to the transformer coolers. Each transformer,
which is installed onshore before transportation to offshore site, is filled indicatively with oil.
The oil-filled transformer includes an oil bunding system. This is a closed compartment designed
to capture any leakages in a limited area underneath the transformer and avoid oil spillage on
the floor. In case of oil spillage, spilled is collected and transferred to an oil sump tank. The level
of transformer oil is constantly monitored by the control and protection system which is
designed to sound an alarm if oil levels are critically low in the transformer enclosure. Diesel
Fuel is another hazardous chemical contained in the service tank of the diesel generator and in
storage tank installed within the topside of OSP. The diesel generators are used for back-up
power supply of the OSP in case of loss of grid connection and to supply power during the
installation and commissioning period. The exact amount of diesel fuel required and the need
for refilling depends on the generator size and operational pattern. The fuel oil bunding system
is formed as a closed compartment designed to capture any leakages in a limited area
underneath the tank and avoid oil spillage on the floor. The level of diesel fuel is constantly
monitored by the control and protection system which is designed to sound an alarm if fuel
levels are critically low in the diesel tank®.

b. Foundation: Foundation transport and installation activities should be risk assessed for safety in
accordance with foundation type (monopile, gravity base, jacket, floating etc.), consent
requirements, vessel capabilities, soil conditions and weather conditions for the following
stages:

i.  Seabed preparation, where necessary: Minimal seabed preparation will comprise of an
unexploded ordnance survey, debris removal, seabed levelling (most likely by dredging)
and an application of a filter layer of stones where necessary. This requirement will vary
in accordance with the foundation type.

ii.  Transport of the foundation to offshore site: A number of methods can be used to
transport foundations to offshore wind farm site including by floating out to the
installation vessel, by transporting with barge where they are loaded onto an
installation vessel by crane or directly by the installation vessel. The type of installation
vessel/s, which can be self-propelled jack-up vessels, jack-up barges (towed by tugs), or
large heavy-lift vessels, and its crane capabilities should be risk assessed for safe
operations.

iii. Installation of the foundation: Safest installation methodology must be determined
based the foundation type and consent requirements. If the foundation type is
monopile — which is made of a single steel monopile consisting of a steel tubular section

® Burbo Bank Extension Offshore Wind Farm, Environmental Statement, Dong Energy, 2013

® Burbo Bank Extension Offshore Wind Farm, Environmental Statement, Dong Energy, 2013
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and a TP which includes boat landing features such as ladders, J-tubes (through which
cables connect to the seabed) and ancillary components; the TP is usually painted
yellow and marked according to national maritime coastguard agency and light house
guidelines - four main methods can be used to install the monopile into the seabed rock
layers, the choice of which will depend on the soil conditions present at the foundation
site. The MP installation options include:

- Driven only pile, which involves driving with a hydraulic hammer,

- Driven and drilled pile, which involves the ‘drive-drill-drive’ method where

successive driving and drilling phases are used,

- Drill only pile, which involves drilling out the entire hole for the pile and
subsequently grouting in the pile and,
Vibration, which involves vibrating the pile until its final installation depth is
achieved.
If the foundation type is gravity base — which is made of reinforced concrete with usually either
flat-based or conical shape —is usually installed on a gravel bed with scour protection, but
without a transition piece as the WTG turbine tower is bolted directly to a flange connection

cast into the concrete structure.

If the foundation type is jacket - which is formed from a steel lattice construction comprising
tubular steel members and welded joints, with integrated transition piece, working platform, J-
tube and boat landing facilities - fixed to the seabed by piles located at each corner; an example
of a four-legged jacket is shown in Figure 17 below.

Figure 17 - Jacket Foundation™

% Burbo Bank Extension Offshore Wind Farm, Environmental Statement, Dong Energy, 2013
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iv. Installation of the Transition Piece (TP), J-tubes and Ancillary Structure: The TP (see
Figure 18) consists of a steel tube similar to the monopile with appurtenances attached
such as boat landing, platforms and ladders. TP is either transported to site or a pre-
assembled at the harbor (normally in an upright position) before transporting to the

offshore site using transport vessels, barges or by the installation vessel itself.

Figure 18 — Transition Piece™

v.  Scour Protection: Unless requisite allowances are made for scour in the design,
installation of scour protection must be carried out prior to any piling activities. Scour
protection is designed to prevent foundation structures being destabilized by seabed
erosion and sediment process. While sand bags, stone bags mattress protection,
artificial seaweeds are among the different scour protection types, the most frequently
used solution is the placement of large quantities of crushed rock around the
foundation base in OWFs installed in Europe. (see Figure 19)

% Burbo Bank Extension Offshore Wind Farm, Environmental Statement, Dong Energy, 2013
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Figure 19 - MP Foundation with TP and Scour Protection®

c. Diving: Diving technique has long been used for J-Tube installation and or modification, subsea
cable installation and repair, installation, monitoring and repairing the scour protection systems,
replacement of anode and cathodic protection systems, under water welding inspections etc.
No matter what the maintenance work or inspection task is, any diving operation at OWFs
requires through preparation which involves preparation of work methods and risk assessment
safety methods. A typical diving work method must address the following aspects of diving
operations in order to ensure safe diving at OWF locations:

i Diving method statement

Valid qualifications and training certificates of personnel prior to mobilization
Safety induction and briefings at harbor before going offshore

iv. Familiarization with the maintenance or inspection tasks

V. Mobilisation of maintenance or inspection equipment

Vi. Mobilisation of decompression chamber with selected vessel

vii. Function test and inspection of all diving equipment, chamber and rescue equipment
viii.  Certified lifting equipment

ix. Checks on safe weight lifting capability of TP Davit Crane Hoist or Lift Points for

equipment lifting in WTG
X. Electrical equipment fit for purpose and tested
Xi. Availability of all emergency, rescue and radio equipment at WTG, Met-Mast or OSP, as
applicable, prior to commencing any diving works
Xii. Presence of one appointed diving supervisor and at least two qualified divers, one
rigger, one confined space operatives and one technician on the WTG, Met-Mast or
OSP, as applicable, at all times during diving operations
Xiii. Availability of all rescue and confined space equipment prior to commencing diving
works
xiv.  Approved RAMS prior to commencing diving works
XV. Practice diver rescue from WTG, Met-Mast or OSP, as applicable, to diving vessel prior
to first dive and record and review to outcome prior to commencing diving works
xvi.  Co-ordinated the diving works with diver supervisor and the technician in order to carry
out safe maintenance and inspection works under water.

d. Grouting: After the installation of foundation (excluding gravity based foundation type) and TP,
grout is pumped into the gap between the foundation and the TP and allowed to set; once it is
set the bottom tower section is bolted to a flange connection on the top of the TP.

e. WTG Installation: Following the installation of foundation and TP, where applicable, WTGs gets
installed in accordance with the installation sequence set up in advance. Using installation jack-
up vessel or barge, rotor blades, nacelle and tower sections are transported to the offshore
wind farm site from a preassembly harbor. While the number of WTG components loaded on a

% Burbo Bank Extension Offshore Wind Farm, Environmental Statement, Dong Energy, 2013
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vessel depends on the WTG and the type of vessel with sea fastenings equipment and cranes,
which are selected and designed for WTG installations. Installation sequence involves
installation of the tower sections, the nacelle, and the rotor blades, which can be installed either
one by one or as a pre-assembled complete unit. Both loading and installation of WTG
components presents major safety risks. Therefore each activity requires planning, risk
assessments and coordination to handle all safety risks inherent in these activities.

f. Export Cable and Array Cables: The Export cable (see Figure 20) transfers the power from OSP
(the offshore AC substation or the offshore AC/DC converter station) to shore. Array cable (see
Figure 21) connects WTG to OSP to allow the power generated at each WTG to be collected
before being sent on to shore. When determining cable length the obstacles like rocks, large
sand dunes, UXO, ship wrecks, areas of archaeological interest should be considered to
accommodate a worst case scenario for the cable length during installation.

Subsea cables are buried in the seabed in order to reduce the risk of damage from fishing gear
and anchors and prevent movement or exposure of the cables due to sediment movement or
scour over the lifetime of OWF. The target burial depth is normally a trade-off between
providing adequate protection and heat build-up as the deeper the subsea cable is buried, the
hotter it will be during in service. Therefore it is a best practice to carry risk assessment to
determine cable burial depth to achieve safe and economic cable burial works; therefore
sediment mobility, seismic activity, submarine landslide, anthropogenic, dredging, aggregate
extraction, subsea mining, dumping, presence of other cables, umbilical, pipelines, fishing rights,
shipping routes, and exclusions such as UXO should be taken into account when determining
suitable burial depths before trenching. The trenches, in which the subsea cables are laid, get
excavated before the cable laying. Cable burial can be carried out by trenching, ploughing,
jetting and cutting based on the soil and seabed condition.

Installation technique for the export cable and the array cable are same; however the larger size
of the export cable necessitates the use of larger vessels for installation. Ideally, the array cables
should be installed and commissioned before the WTGs are installed on the foundations in
order to have better access to the cable deck for pull-in operations.

After installation the array cables and export cables, they get terminated at the OSP cable deck
and jointed afterwards. While the export cable is normally pulled in and jointed first to energize
the substation, the winches are used to pull in the array cables one at a time as the array cable
installation progresses. The array cables are jointed at OSP before being energized string by
string. The winches normally get removed from the substation when the cable installation is
complete.
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Figure 20 — Offshore Export Cable Sample (HV)®
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12.  Armouring

13.  Yarnor PE

14.  Fibre optic cable

Figure 21 —Array Cable Sample94

g. Sea Wall Crossing: Export cable sea wall crossing is an important part of OWF installation phase
because of the technical aspects and the environmental safety requirements, such as protection
of natural habitat, set within the OWF consent document. Navigation safety areas are likely to
be required around the works for the duration of the shore-end operations to ensure no vessels
or vehicles which use the near shore or beach interact with the construction works.

For export cable sea wall crossing, Horizontal Direct Drilling (HDD) technique may be used at the
landfall point in order to pass through sea defenses and reduce disturbance to intertidal
habitats. Sea wall crossing using the HDD technique normally follows the process below®”:

* Burbo Bank Extension Offshore Wind Farm, Environmental Statement, Dong Energy, 2013
* Burbo Bank Extension Offshore Wind Farm, Environmental Statement, Dong Energy, 2013

% Burbo Bank Extension Offshore Wind Farm, Environmental Statement, Dong Energy, 2013

BSEE Offshore Wind Energy Inspection Procedure Assessment Page 172 of 730



i.  Anonshore drill rig drills a small diameter pilot hole along a predetermined path from
the landfall transition joint bay under the sea defenses/protected habitat to a point
offshore (conduit end) where the cable laying vessel can gain access.

ii.  Asthis hole is drilled, a drilling mud (typically Bentonite) is injected into the hole behind
the drilling head to ensure it is kept stable. Bentonite is an inert material consisting of a
mixture of water and natural clays. The water is either transported to site in tanks or, if
saltwater is used, pumped from the sea using hoses laid across the beach.

iii. A steel reamer is then pulled back through the pilot hole enlarging the diameter of the
hole as it progresses. Several reaming operations may be necessary to achieve a size
suitable for accommodating the size of the export cable.

iv.  The depth of the drilling depends on the soil profile and the nature of obstructions to be
passed. The maximum drilling depth is normally between 5 -20 meters but it may be up
to 40 meters in extreme circumstances.

v.  The cable ducting (usually formed from high density polyethylene) is pulled out to sea,
attached to the reamer and pulled through the drilled hole and any protective casing,
usually from the beach side towards the landfall. The cable duct is usually welded
together prior to pulling in sections. Appropriate length of the offshore end of the
export cable is shallow buried or covered by a concrete mattress in order to counter any
negative buoyancy prior to commencement of cable installation.

vi. Before the cable installation vessel commences installation, the duct end should be
exposed and unplugged. The cable is then pulled through the duct from a winch located
at the landfall point. To ensure a smooth pull of the cable the inner diameter of the duct
should be at least 2.5 times the outer diameter of the cable.

vii. Finally, the duct end and the cable inside it are re-buried into the seabed using
ploughing, trenching or jetting installation techniques. The duct end is sealed with a
close fitting flange before stabilization materials, such as concrete rings on the duct or
concrete mattresses draped over the pipe, are installed. The duct end is usually buried
to the required final depth by tracked excavators. If the duct end is above the low water
mark it will usually be backfilled by these excavators as well. If the duct end if
permanently submerged, it may be left to backfill naturally.

viii. Once the offshore export cable has been installed and jointed to the onshore cable, the
duct is usually injected with a thermal dissipation medium - typically a proprietary
thermal grout - to ensure that the cable does not overheat.

All onshore cables from the landfall to the onshore substation will be installed underground.

h. Onshore Substation: Onshore substation is a key component of any OWF as it converts
electricity generated at the OWF to a higher voltage suitable for onward transmission to
electricity transmission system. The design, layout and installation of all plant and equipment
within the substation should allow operation and maintenance in accordance with all relevant
statutory safety requirements. While equipment within the substation should be located a
minimum of 3 meters from the fence line for security and safety reasons in accordance with
technical standards such as NERC, heavy equipment such as the super grid transformer should
be located adjacent to the main access road to for ease of installation.
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Fire Damage Zones for equipment containing oil should be considered when producing the
layout to ensure there is adequate spacing between substation components. All equipment
located within the substation compound should be positioned to comply with the appropriate
horizontal and vertical design clearances for the relevant voltage level. Equipment containing oil
should have a bund type foundation with sufficient internal clearance at ground level between
the equipment and the bund wall. All electrical plant should be located as close as possible to
the NERC substation in order to minimize connection lengths.
Onshore substation should be designed to mitigate noise pollution and necessary arrangements
should be made, where possible, to locate the largest noise sources away from noise receptors;
if necessary the noise mitigation/suppression should be installed where necessary.
The key components of an onshore substation are transformers, reactors, harmonic filters,
circuit breakers, busbars, conductors, auxiliary transformers, cables, drainage & oil containment
system, and control system. Super grid transformer is used to step up the OWF transmission
voltage to the required voltage such as 400kV to export the OWF power to the transmission
system. Reactive compensation equipment is used to condition the OWF power prior to export
to the transmission system, to ensure it complies with the requirements set out by the
transmission system operator; typically, one set of reactive compensation equipment is required
for each circuit connecting to the transmission system. Harmonic filters are used at the onshore
substation to ensure that the power exported to the grid complies with the quality of supply
requirements set out by the transmission system operator; typically, one set of harmonic
filtering is required for each circuit connecting to the transmission system. In onshore
substations, auxiliary transformers are used to provide a low voltage supply to the substation
control buildings and auxiliary systems.
The onshore substation should have lightning protection system, permanent CCTV equipment
and the external security fencing to a specified security standard for this type of installation in
order to safeguard personnel and prevent unauthorized access. The onshore substation must
have signage, which must be located in visible positions along the border fence in accordance
with the applicable electricity supply regulations. Permanent light fittings must be installed
around and within the substation. While under normal operating conditions the substation does
not need to be illuminated at night, the lighting should be used only when required for
maintenance outages or emergency repairs occurring at night; the lights will be directed
downward, and shielded to reduce glare outside the facility. The landscaping and access road of
the onshore substation site must meet consent requirements and applicable environmental
regulations *°.

i. Commissioning and Testing: After installation of WTG cable connections, commissioning and
testing takes place. This process is completed by energizing the WTG via the inter-array cables
prior to putting the WTG in operation.

* Rampion Offshore Wind Farm Onshore Substation Design and Access Statement, EON, 2014 http://infrastructure.planningportal.gov.uk/wp-
content/ipc/uploads/projects/EN010032/2.%20Post-
Submission/Application%20Documents/Reports/8.2%200nshore%20Substation%20Design%20and%20Access%20Statement%20(FINAL).pdf
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j.  O&M: An adequate O&M set-up is required to monitor and administer the OWF’s day to day
activities; the objective of such set-up is to operate the OWF with optimal performance without
risk to safety of workers, navigation and environment. The O&M practices include both
preventive and corrective maintenance for WTG components, foundations, OSP, MetMast,
offshore & onshore cables and onshore substation. While the preventive maintenance involves
scheduled maintenance program or risk based inspection program, which is implemented to
mitigate the risk of operational failure, the corrective maintenance covers retrofit campaigns,
repairs, component replacements and re-starts after breakdowns. The O&M onshore facilities
normally require an office building with adequate IT facilities for remote condition monitoring,
warehouse, car parking and harbor facilities which may include berthing, pontoon and vessel
fuelling facilities for the required number of crew vessels. A typical O&M strategy mainly relies
on crew vessels for crew transfer, jack-up vessel for major component replacement (such as
rotor blade, gearbox) and sometimes potential use of helicopters for the 0&M services that will
be performed at the OWF. Similar to the construction phase of OWF, O&M activities also require
safety zones, such as 500 meter radius around the maintenance vessels, foundations and OSP
and Met-Mast during major maintenance works, to be identified and approved by the relevant
authorities. In addition, the OWF owner/operator may issue notice to mariners advising advisory
safety zones to accommodate vessels with larger anchor spreads and major maintenance works
to cables®’. The maintenance and inspection requirements for OWF components are addressed
separately in the relevant sections of this document; therefore we briefly address the most
critical component maintenance requirements in this section.

i Foundation and Transition Piece: The foundation structures, including paint coating, are
designed to maintain asset integrity during their design life such as 20 or 25 years.
However, preventative and corrective maintenance procedures should be put in place
for the foundations and transition pieces, where applicable, to ensure that requisite
maintenance practices are carried out to maintain the structural integrity of foundations
in accordance with the maintenance requirements of the designer/manufacturer of the
structures.

Preventive maintenance program should include a combination of routine inspections of the
substructure and TP, along with inspections in confined space, such as below the airtight deck of
an MP foundation, for which qualified technicians and specialized equipment may be required.
It is highly recommended to implement preventive maintenance using vessels to access the
foundations and ROV to carry out subsea inspections; if use of ROV is not feasible, divers may be
used for the subsea inspections. The structural integrity of the substructure, TP and ancillary
structure (access ways, J-tubes, etc.) should be checked along with the level of corrosion and
marine growth. If marine growth considered to be causing excessive loading on the foundation
structure and/or restricting safe access, it should be removed as much as possible by high-
pressure water cleaners using sea water with no additives for marine safety. In addition to that,

% Burbo Bank Extension Offshore Wind Farm, Environmental Statement, Dong Energy, 2013
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bathymetry test should be carried out to inspect the condition of the seabed and scour
protection, where applicable, around the base of the foundations. Bathymetry tests also enable
inspectors to determine the presence of significant deterioration in the cable burial depths,
which can occur as a result of sediment movements, seismic activity etc.

Corrective maintenance scheme typically includes repairs and replacements of electrical
installations such as lighting, fog horns, navigation lights and transponders using crew vessels.
While some corrective maintenance practices, such as anode or scour protection replacements,
require the use of divers, some other major component replacement operations such as rotor
blade replacement or boat landing replacements will require the use of a jack-up vessels.

We recommend BSEE to require a written annual inspection scheme for foundations of WTGs,
OSP and Met-Mast from the OWF owners/operators. The requirements for the safety
procedures and valid training certificates for all maintenance and inspections activities should
be included in the annual maintenance and inspection plan.

ii. WTG: WTGs, including paint coating, are designed to maintain asset integrity during
their design life such as 20 or 25 years. However, preventative and corrective
maintenance procedures should be put in place to ensure that requisite maintenance
practices are carried out to maintain the structural integrity of WTG components in
accordance with the maintenance requirements of the designer/manufacturer of WTG.

Preventive maintenance normally includes tasks such as safety checks, replacement of
consumables as well as a general inspection of WTG components. Preventative maintenance is
most effective where risk based inspections are periodically carried out. It is typically carried
out using crew vessels to access a WTG. While it is most common to transfer crew to WTG via
boat landing using transfer vessels, it is also possible to transfer crew to WTG or OSP via heli-
hoist using helicopters.

Corrective maintenance program typically includes minor repairs, restarts and component
replacements such as bearings, generator, etc. Corrective maintenance is normally required
when analyzed data obtained from condition monitoring systems suggest problems or
monitoring alarms are triggered, some of which may result in WTG being remotely shutdown.
WTG failure rates are expected to follow a bathtub curve, with increased failure rates during the
first and last years of its design life. Corrective maintenance is typically carried out by using
either crew boat or a specialized vessels such as jack-up vessel, self-stabilizing platform or
accommodation vessel for larger OWFs; the type of vessel used for WTG maintenance mainly
depends on the maintenance activity and weather conditions.

We recommend BSEE to require a written annual inspection scheme for WTGs from the OWF
owners/operators. The requirements for the safety procedures and valid training certificates for
all maintenance and inspections activities should be included in the annual maintenance and
inspection plan.

iii. OSP & Met-Mast: Similar to WTGs, foundations and transition pieces, OSP and Met-
Mast should also have preventative and corrective maintenance program. Preventive
maintenance activities, which are typically carried out using crew vessels, and
occasionally helicopters to access the OSP, should include tasks such as inspection of
access facilities, deck, cranes, electrical components, safety equipment, consumables
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such as oil / grease and substructures (as explained in the foundation section above).
Inspection on Met-Mast should include the structure, ladders and equipment such as
such as anemometers, wind vanes, booms, aviation lights. Met-Mast inspections are
typically carried out by using techniques that involve rope access, camera and remotely
operated aerial vehicles.
Corrective maintenance program typically includes fault rectification, minor repairs involving
component replacements as a result of usual wear and tear and / or breakdowns. The fault
rectification is usually required either after a condition monitoring system gives a failure alarm
or the findings of inspections and /or preventive maintenance activities detect a component
failure. Corrective maintenance will be carried out by using crew vessels, helicopter or
specialized operations vessel such as jack-up, depending on weather conditions and the details
of the breakdown.
It is recommended for BSEE to require a written annual OSP and Met-Mast inspection scheme
from OSP and Met-Mast owners/operators. The inspection scheme should include monthly
inspections during regular operations and annual comprehensive inspections and maintenance
during a shutdown once a year.

iv. Subsea Cables: The integrity of subsea cables is crucial for reliable power distribution
from OWFs to shore, sometimes via OSP. Therefore it is of great importance that
preventive maintenance program is put in place in a timely manner. Preventive
maintenance activities, which are typically undertaken using special purpose vessels
such as cable survey vessels, diving vessels, should include routine inspections to ensure
the subsea cables remain buried to an adequate depth and that they are not exposed.
The integrity of the subsea cables and cable protection system, including bending
restrictors and bend stiffener, should also be inspected annually. Typical subsea cable
inspections consist of acoustic surveys and ROV inspections for subsea cable condition
monitoring including cable burial depth.

If the outcome of the inspections requires remedial measures to be taken to bury any exposed
part of subsea cables by using methods such as additional jetting or placing of concrete
mattresses or rock dumping on the subsea cable, then the additional maintenance activities will
need to be carried out by using specialized vessels such cable laying vessels. These activities may
require a new marine license or extension to the initial licenses granted; therefore such subsea
cable maintenance works should not be carried out until a written maintenance methodology is
agreed with the relevant regulatory bodies in advance.

We recommend BSEE to require a written annual subsea cable inspection scheme for from OSP
and OWF owners/operators.

k. Decommissioning: A typical OWF is constructed with an expected design life of 20-25 years. At
the end of this period an OWF may be re-powered by replacing WTGs and electrical components
of OSP with newer, more efficient versions, if needed, depending on the integrity of the offshore
substructures; this process is also subject to acquiring any relevant new consents. If extending
the life-time of an OWF is not a viable option, then OWF will need to be decommissioned. At
this stage, it is anticipated that all structures above the seabed will be completely removed. The
dismantling and removal of WTG components (blades, nacelle, tower etc.) or OSP, Met-Mast
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components will largely require reversal of the installation process and therefore the activities

will be subject to the same constraints. Using today’s technology, dismantling of WTGs will

require a jack-up vessel to ensure adequate control and to cope with the relatively high lifts and

high crane hook loads. Even though decommissioning may not require the same level of

precision and care as during installation, it still should be undertaken in the same controlled

manner and in accordance with a risk management plan to ensure the same level of safety and

pollution control measures.

The first phase of decommissioning involves obtaining requisite permits, putting necessary

safety procedures in place, preparing risk assessment method statement for all offshore

activities, selecting vessels and preparing OWF site.

i WTG Decommissioning: The first phase of decommissioning involves OWF site

preparation, which should include the following steps:

Implementation of de-energizing and isolating electrical control and power
cables from national grid and SCADA system

Removal of all loose items from WTG

Installation/certification of lifting points

Hot bolting key bolts to aid unbolting process

Following the completion of the above activities, the WTG will be ready for dismantling; this

process will involve the following activities in that specific order:

Mobilization of a suitable jack-up vessel or barge

Positioning of the jack-up vessel close to the turbine position

Removal rotor blades

Removal of nacelle

Removal of tower sections

Placement of WTG parts on a transport barge or on the vessel to be transported
to the selected harbor

Reuse, recycling or disposal of WTG parts in accordance with the applicable
regulations

ii. MP Foundation Decommissioning: In this stage initially the transition piece needs to be

cut just above the grouted connection and removed by crane. Following this process,

the MP will need to be cut below the seabed level to a depth in order to ensure that the

exposure of remaining foundation part will be unlikely. This level can be approximately

one meter below seabed although the exact depth will vary depending on the sea-bed

conditions and site characteristics at the time of decommissioning. The cutting works

are likely to be done via a mechanical or water jet cutter.

Alternatively, if the soil conditions allow for it, the monopiles can be reverse-vibrated out of the

ground instead out cutting the TP and MP sections. Dismantled TP and MP parts should be

processed for reuse, recycle or disposal in accordance with applicable regulations.

iii.  WTG Jacket Foundation Decommissioning: Following mobilization of a suitable vessel

such as a jack-up vessel or heavy-lift vessel, ROVs or divers need to be deployed to

inspect the foundation and reinstate lifting attachment, if needed. Using one of the

methods outlined above, the legs of the jacket structure should be cut just above the
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piles and remove it by vessel crane. Before excavating outside and inside of piles to
approximately 0.5 meter below anticipated level of cutting, any scour protection or
debris around the base of the foundation should be removed. Once the foundations
piles are cut at the required depth below the seabed, as per the MP foundation
decommissioning process above, they can be removed by vessel crane.
Alternatively, similar to MP foundations, the jacket foundation can be reverse-vibrated out of
the ground instead out cutting; for this process lifting attachment and vibrator should be
installed to the jacket piles to start vibration in order to lift the jacket pile out of the ground.
Dismantled parts should be processed for reuse, recycle or disposal in accordance with
applicable regulations.

iv. WTG Jacket Suction-Caisson Foundation Decommissioning: The decommissioning
process for the removal of jacket foundations with suction caissons starts with
mobilization of a suitable vessel such as floating crane barge followed by deployment of
ROVs or divers to inspect the substation foundation and reinstate lifting attachment, if
required. Removal of this structure will involve pumping seawater inside the substation
foundation shaft to create pressure, which will in return force the substation foundation
out of the seabed. Following this process the jacket suction-caisson foundation gets
lifted using vessel’s crane onto a transport vessel for transportation to shore.
Dismantled parts should be processed for reuse, recycle or disposal in accordance with
applicable regulations.

V. Scour Protection Decommissioning: It is a known fact that scour protection create new
marine habitat over the life of the OWF. Therefore it may be preferable to leave the
scour protection in-situ to preserve the marine habitat after the consultation with the
relevant authorities and stakeholders. If removal will be deemed necessary, for the rock
armor layer scour protection, the removal process will need to start with removal of
individual boulders using a grab vessel in order them to be transferred to a suitable
barge or vessel for transport to designated onshore site for appropriate disposal or
recycling. Where the scour protection filter layer is used, it will need to be dredged and
transported to a licensed disposal area for disposal.

vi.  OSP Decommissioning: The dismantling and removal of the offshore substation will
include decommissioning of complete topside and substructure. This process follows a
similar procedure to that described for the WTG and WTG foundation. A typical
decommissioning of the topside will involve substation to be lifted onto a barge in one
piece and transported to harbor for dismantling onshore.

Once the OSP is prepared for commissioning, all electrical control and power cables should be
de-energized and isolated from national grid and SCADA system. Following this process, the
terminations of export and array cables should be dismantled. After all cables are removed back
to cable deck or seabed, all unsecured loose items and hazardous chemicals must be removed
from the topside. Subsequently, welded stab-in connections between topside and foundation
must be cut. Once this is complete, the topside with its electrical plant equipment can be lifted
onto transportation vessel for transportation to shore. Once OSP topside is delivered to onshore
location, the interconnections between electrical equipment can be dismantled and the oil from
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transformers can be extracted safely. Dismantled parts should be processed for reuse, recycle or

disposal in accordance with applicable regulations.

The OSP foundations should be decommissioned using the same process outlined for the WTG
foundations above.

vii. Subsea Cable Decommissioning: This part of OWF decommissioning plan will depend on
the relevant authorities and stakeholders as the consultation process with them will be
determine which sections of the subsea cables will need to be removed. If the
regulators and stakeholder will be satisfied that the subsea cables will not likely to be
exposed to present safety risk to marine habitat and marine navigation, they may agree
for OWF owner to leave the subsea cables in situ. In this occasion the subsea cable ends
will need to be cut as close to the foundation as possible either prior to foundation
removal, or at the same time; the cable ends will need to be weighted down and buried
using an ROV or divers to ensure they do not present safety risk. Where there is a cable
or pipeline crossings, the subsea cables may need to remain in situ to avoid unnecessary
risk to the integrity of the live subsea cables or pipelines.

If removal of subsea cables will be deemed necessary, they will need to be removed in the

following order. First, the location of the subsea cables will need to be identified in which

process seabed material may need to be removed to locate the subsea cables. This can be
carried out using a water jetting tool similar to that used during cable installation. Once the
location is identified, subsea cable can be removed using a grapnel to lift it from the seabed. If
necessary, ROV may need to be used to cut or attach a lifting attachment to the cable so that
subsea cable can be recovered to the vessel. The recovery vessel will either spool the recovered
subsea cable into a carousel or chop it into lengths as it will bring it on-board before
transporting to shore. Decommissioned subsea cables should be processed for reuse, recycle or
disposal in accordance with applicable regulations.

viii. Onshore Electrical Infrastructure Decommissioning: If required, the process involved in
onshore decommissioning will be subject to applicable regulations and requirements of
the local planning authority.

Onshore Substation: The decommissioning process will start with a risk assessment process in

which, potential hazards and pollutants to the environment will need to be identified and

adequate risk mitigation plans will need to be put in place to ensure that onshore substation
decommissioning is carried out with minimal risk of damage to environment. In the dismantling
process, onshore substation will be disconnected from the high voltage transmission system, de-
energized and all equipment will have to be earthed. Auxiliary supplies, where applicable, will
need to remain at the site for decommissioning purposes. All electrical equipment/plant items
will need to be dismantled and removed. Decommissioned parts should be processed for reuse,
recycle or disposal in accordance with applicable regulations.

Transformers & Reactors: This is one of the critical parts of the decommissioning process. Prior

to removal, the transformers will need to be drained of insulating oil which can then be re-

processed for another use or disposed of in accordance with local hazardous chemical disposal
requirements. Tap changers will also need be drained of oil, dismantled and disposed of; if the
oil within the diverter is heavily contaminated it will need to be handled separately in
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accordance with specific hazardous chemical disposal requirements. Cable connections and
bushings will need be removed and returned for re-conditioning or disposal. Any metallic
components will need to be recycled and paper insulation will be disposed of in accordance with
recycling requirements. Finally, any oil contamination around the transformer bund will need to
be decontaminated.

Switchgear: Switchgear is filled with Sulphur Hexafluoride, which will need to be disposed of in
accordance with specific hazardous chemical disposal requirements. Before dismantling the
switchgear all external connections will have to be removed and vacuum will need to be drawn
on the sealed gas zones to removing the Sulphur Hexafluoride, instead the equipment will need
to be refilled with an inert gas. Wherever possible, sealed gas volumes will need to be removed
without opening in order to get hazardous chemical such as fluorides, sulphides etc. to be
decontaminated by an authorized facility. However, if it will be necessary to open gas zones in-
situ to dismantle substation, it will be necessary to decontaminate hazardous chemicals on site
before transporting the dismantled equipment. Once decontamination will be carried out the
equipment can be re-used recycled or disposed of in accordance with applicable regulations.
Filters & Statcoms: Unopened oil filled capacitor cans will need to be removed and transported
to be properly disposed of. Statcom coolant systems will also need to be drained and coolant
fluid will need to be removed from site for disposal. The metallic elements of equipment such as
air cored reactors, resistors etc. will be most likely recycled. Finally, power electronics
equipment will need to be disposed of in accordance with applicable regulations.

Earthing Systems: Copper earth tape will need to be removed from the equipment to be
recycled. Copper earth electrodes and substation earthing matt will also need to be removed
from the site to be recycled.

Busbars, Equipment Supports and Intra-Site Cabling: Copper and aluminum busbars and other
metallic equipment will need to be removed to be recycled. Concrete support structures will
need to be demolished like other site structures. Power, auxiliary and communication cables
within the site boundary will need to be removed and recycled or disposed of in accordance
with applicable waste management regulations.

Site drainage and Buildings: Oil containment systems will have to be removed and any oil
residue will have to be cleaned to be disposed of. Depending on the planning permission and
the requirement of the authorities, the site buildings may be demolished and demolition waste
may need to be removed for recycling or disposal.

Onshore Export Cable: Similar to the subsea cables, prior to the removal of the onshore cables
relevant authorities and stakeholders will need to be consulted with in order to determine
which sections of the onshore cables will need to be removed. Usually it is preferred to leave
the decommissioned onshore cables in-situ due to the disruption caused by their removal. The
onshore cable ends will need to be cut and any over ground installations such as fiber optic and
link boxes will need to be removed. Horizontal directional drill sections for road/river crossings
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etc. may need to remain buried due to the complication and potential disruption that their
removal poses to cause unless it is absolutely essential for the re-purposing of a site.”®

We recommend BSEE to require a preliminary decommissioning plan from OWF owners. The
decommissioning plan should be reviewed by BSEE with relevant authorities for approval.
Decommissioning operations should be supervised by a BSEE approved party, and if necessary
BSEE should initiate inspections to ensure that disassembly of all OWF components are carried
out in accordance with approved code of practices and that dismantled pieces are recycled or
disposed in accordance with applicable regulations.

3. Examine Major Safety and Environmental Concerns (Task 2)

Since the advancements in wind technology enabled the wind power generation move from onshore to
offshore, the importance of design and operational safety and environmental compliance has been
accentuated by regulators, developers and other stakeholders at large. This section examines the major
safety and environmental concerns for the operation of OWFs in order to identify the critical structures
and components, which should be subject to inspections. In this study we do not only focus on
inspection requirements for the offshore structures and components but also review issues associated
with ONWF where the concerns are also applicable to OWFs.

It is stated in the Special Report 310 — Workers Health & Safety® that the overall risk to the health and
safety of workers and to the environment associated with an offshore oil and gas platform is greater
than that associated with an offshore wind turbine. As mentioned in the introduction section of this
study, this statement is not completely accurate as the occupational health and safety risks are
considerably high during the construction phase of OWF and ONWFs. Those risks mainly stem from
activities which include lifting/loading/transporting/unloading/installing/wind turbine components,
foundations etc., carrying out other installation activities such as connection cables onshore and
offshore, which may involve diving.

Besides, repetitive installation practices such as installing each blade at a time or connection array cable
at a time have shown in Europe that more repetitive activities increase risks as installation teams
become more lenient and pay less attention to requisite installation processes. For example, as each
blade or array cable is installed by a crew, after few successful installation practices their perception of
risks changes as they succeed initial installation activities without fault or incident, which impairs
judgment of safety risks resulting in them underestimating the risks inherent in those installation
processes. So, it is important to acknowledge and not to underestimate the human factor, which has

* Burbo Bank Extension Offshore Wind Farm, Environmental Statement, Dong Energy, 2013 http://infrastructure.planningportal.gov.uk/wp-
content/ipc/uploads/projects/EN010026/1.%20Pre-
Submission/EIA/Scoping/Scoping%20Request/100708 EN010026 EIA%20Scoping%20Report.pdf

* Special Report 310 - Worker Health and Safety on Offshore Wind Farms , page 142, Transportation Research Board of
National Academies, Washington, D.C., 2013
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caused incidents, accidents and fatalities both in repetitive wind farm component installation processes
of OWF and ONWF construction projects.

MMS Technology Assessment & Research (TA&R) Project 627-Inspection Methodologies for Offshore
Wind Turbine Facilities Report'® points out that for fixed and floating oil and gas platforms for drilling
and production both prescriptive and Risk-Based Inspection (RBI) programs have been implemented;
and recommends this experience to be taken into account for developing inspection guidelines for
offshore wind turbine structures and systems. This approach is welcomed and furthermore it is
suggested for safety inspections to follow a similar approach.

In the Special Report 310 — Workers Health & Safety, a list of hazards is provided™* which are common
both in wind farm and oil and gas asset installations and operations. Those include the following:
assembly and fit-up (installation only), chemical exposure, confined space entry, crane and lifting,
demolition (decommissioning only), diving, dropped objects, electrocution and arc flash, emergency
evacuation, electric and magnetic field exposure (operations only, once power is being generated), falls
from height, fire, human factors health issues (climbing, awkward postures), human factors safety issues
(pinch points, rotating equipment), noise exposure, personnel transfers (falls into the water); access by
boat; access by helicopter, slips and trips, vibration, weather exposure.

The same report makes comparison between those hazards in terms of their significance. For example
the report states that the risk of electrocution is higher when working in wind turbines in comparison to
work carried on oil and gas platforms, which is an accurate statement, it also states that the risk of
falling into water is similar both for offshore wind turbine sand oil and gas platform, which is not entirely
accurate. It is because the nature of WTG maintenance activities such as accessing to each offshore wind
turbine via boat landing or carrying out external blade inspections via rope access involves greater risk
of falling into water. Likewise the diving risk is greater in OWF installation and maintenance practices in
comparison to the diving practices for oil and gas assets. It should be remembered that today an
average size OWF in Europe has at least 30-40 WTGs and sheer number repetitive installation and
maintenance practices involve much greater safety risks than portrayed in the Special Report 310 —
Workers Health & Safety report.

From the accident statistics (Table 24) recorded in offshore wind farm construction projects in Europe, it
is seen that the safety risks are much greater in construction phase of OWFs. For example, the UK health
and Safety Executive Offshore Injury, lll Health and Incident Statistics 2011/2012 show a number of
accidents and fatalities in wind farm projects (there were OWF projects) in the UK'®%. The OWF incidents

1% MMS TA&R Project 627 — Inspection Methodologies for Offshore Wind Turbine Facilities Report, page 3, Energo Engineering
Inc, Houston, January 2009

' Special Report 310 - Worker Health and Safety on Offshore Wind Farms, Transportation Research Board of National
Academies, page 37, http://www.nap.edu/booksearch.php?booksearch=1&term=Special+Report+310+-
+Worker+Health+and+Safety+on+Offshore+Wind+Farms&record id=18327

12 Offshore Injury, Ill Health and Incident Statistics 2011/2012, Health and Safety Executive, UK, 2012

http://www.hse.gov.uk/offshore/statistics/hsr1112.pdf
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figures, shown in braces, are included in the total numbers. According to the UK Health and Safety
Executive, in addition to three fatal accidents in 2009/10, a total of 53 major or dangerous incidents
occurred in 2007/08 and 2009/10 in the OWF and ONWF installation and operation phases. The UK
Health and Safety Executive also acknowledged that it was “extremely difficult” to assemble a
“complete picture of reported incidents at wind farms” because accidents are not recorded by industry
type. RenewableUK, which is the UK's leading not for profit renewable energy trade association,
recorded 1,500 incidents over the past five years, many of which were very minor; of those, about 300
incidents led to minor injuries.

Narrative 01/02 [02/03 | 03/04 [ 04/05 | 05/06 [ 06/07 [07/08 [08/09 | 09/10 | 10/11 | 11/12
Fatalities 3 0 3 0 2 2 0 0 0 0 2
Major Injuries 47 64 48 48 50 39 44 30 | *50(1)|*42(3)| 36
Total Fatalities

& 50 64 51 48 52 41 44 30 |50(1)* | *42(3) 38
Major Injuries

Over-3-Day 187 | 120 | 103 | 111 | 125 | 164 | 148 | 140 [*110(1)[*106(4)| *95(8)
Injuries

Tc.’ta.l 237 | 184 | 154 | 159 | 177 | 205 | 192 | 170 |*160(2)|*148(7)|*133(8)
Injuries

DETHIETE 661 | 635 | 530 | 558 | 491 | 485 | 500 | 477 | 434 | 430 | 409
Occurrence

Table 24 — Summary of Injuries & Dangerous Occurrences in the UK 2001-2012

In Europe 9 major utility firms namely, Centrica Energy, Dong Energy, EON, RWE, Scottish Power,
Scottish and Southern Energy, Statkraft, Statoil and Vattenfall, set up a group called G9 Offshore Wind
Health and Safety Association (also called G9). According to G9, the primary aim of this group is to
deliver world class health and safety performance in the offshore wind industry. To achieve this, senior
executives of the G9 member companies have committed resources from their companies, and have
also met under the auspices of the G9 Board, to actively lead the industry in finding solutions to the
safety challenges faced by offshore wind projects throughout their life cycle, from design and
development through construction and in operation.

Through the sharing and analysis of HSE incidents provided by G9 member companies, an evidence-
based understanding has been developed of the risks encountered during the construction and
operational phases of a wind farm project. This information is being used by the G9 to identify the risks
in the offshore wind industry, allowing the group’s work to be focused in areas of high risk exposure®.

G9 2013 Annual Incident Data Report presents a summary of incidents recorded in OWF installation and
operation phases in 2013 in Europe. Table 25 below shows the key health and safety facts and figures
recorded in 2013. Marine operations, which is listed in the Table 25, comprises the following work
processes maritime operations, transfer by vessel, vessel operations, vessel mobilization.

%2013 Annual Incident Data Report, G9 Offshore Wind Health and Safety Association,

http://www.g9offshorewind.com/ data/assets/pdf file/0011/106121/G9report-finalversion-WEB.pdf
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Key Facts Work Process
616 reported incidents 165 lifting operations incidents
0 fatalities 45 incidents occurred when working at height
66 total lost work days 131 incidents during marine operations
4 injuries to employees and contractors

reported under RIDDOR Incident area
373 incidents occurred on operational sites 281  incidents occurred on vessels
243 incidents occurred on project sites 178 incidents occurred in the turbine region

124 incidents occurred onshore

Table 25 — Key Health & Safety Facts and Figures104

3.1.Common Reportable Incidents and Accidents

This section addresses the common reportable incidents, accidents, etc. Section 1.23 of this study
addresses the type of reportable accidents data compiled by CWIF. According to the data presented by
CWIF the most reportable accidents were caused by failure in WTG, rotor blade, WTG fire, electrocution,
structural failure, ice throw and transportation of WTG components.

G9 2013 Annual Incident Data Report also provides very useful summary of incidents per area of
operations for all OWF sites in Europe in 2013 as shown in Table 26. Those health and safety statistics
show that the majority of the near hits (199 near hits) were recorded for the vessel operations followed
by WTG tower installation (34 near hits) and operations at harbor, quay and pontoons (24 near hits). It is
not surprising that majority of lost works days recorded during the offshore foundation installation (19
accidents) followed by accidents involving access ladders (11 accidents). As for the accidents requiring
medical treatment were mostly recorded in the activities involving public road/area (7 incidents),
offshore foundation installation (6 incidents) and access ladders (3 incidents).

1% 2013 Annual Incident Data Report, G9 Offshore Wind Health and Safety Association, page 4
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Incident Area RWD* MTI** First Aid LWD*** Hazards Near Hits Total
Accommodation Platform 1 1
Boatlanding 1 1 2
Foundation Internal 1 6 3 34 44
Turbine Assembly Area 1 5 5 8 24 43
Warehouse 1 2 7 2 11 23
Excavations and Civil Works 1 1 1 3
Hub and Blades 1 2 7
Workshop 11 2 2 4 2 6 22 36
Administration 2 2 1 2 9 16 32
Yaw gear space 2 1 2 11 16
Access Ladders 2 3 1 11 3 26 46
Foundation External 6 6 26 19 41 101 199
Public Road/Area 7 2 4 5 22 40
Helicopter Hoisting and Landing Area 2 1 4 5 12
Kitchen and Canteen 2 2 1 4 15 24
Storage 1 1 11 9 22
Access Roads 1 1 2
Car Park 1 2 3
Company Vehicle 2 1 3 6
Staircase 2 1 9 12
Substation HV areas (>1 000 V) 2 1 10 13
Turbine/Substation Outside 2 4 6
Met Mast 1 1
Substation Work and Cable Areas 1 1 2
Office 1 1 2
Transition Piece Area 4 3 7
Vessels —small (<24 m) 1 1
Nacelle 1 1
Harbour, Quay and Pontoons 1 1 2
Turbine Tower 2 2
Vessels —large (>24 m) 1 1 2
Vessels 4 4
Total 12 28 60 67 104 345 616

(*) Restricted Work Day  (**) Medical Treatment Injuries  (***) Lost Work Day

Table 26 — Incident Area Summary for all OWF sites in Europe (2013)*

There are a number of incidents in the wind energy industry, which demonstrates that the most
common reportable incidents and accidents are caused during onshore/offshore transportation,
installation and maintenance phases of wind farm projects. However, presently there is not a single
organization which monitors, collects and analysis the safety performance in the wind energy industry,
which makes it rather difficult to adequately quantify the most common reportable incidents and
accidents. In order to tackle this issue, publicly available safety reports of several organizations has
been collected to collate information about the common reportable incidents and accidents in the wind
energy industry. The information provided in the table below provides a representation of common

1952013 Annual Incident Data Report, G9 Offshore Wind Health and Safety Association, page 15
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reportable incidents and accidents in the wind energy industry in recent years. It should be noted that,
the most of the reportable incidents and accidents are not publicly available and therefore the table
showing the reported incidents and accidents does not cover accidents such fall from heights, slip, trips,
falls, strain injury etc. caused while working in offshore and onshore wind farm sites.
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WTG collapsed killed one worker and injured http://www.taproo
another in an onshore wind farm in Oregon. The t.com/archives/207
investigation found no structural problems with 9
the tower. Oregon OSHA stated that the accident
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o < s E Bolt w | Onshore | from a tower in North Dakota. No one was hurtin | ssweek.com/ap/fin
E 4] ocg g Failure E Site this incident. ancialnews/D9M5V
“’ = © DA0O.htm
Two semi-tractor trailers carrying rotor blades http://www.thonlin
. crashed on the public road. No one was injured. e.com/news/breaki
— = TranspA | w | Public ;
< < o ) = ng/article fe7deb6
— g = g ccident = | Road
P }= o c-c8d5-11e0-9ab6-
001a4bcf6878.html
One of the WGS in onshore wind farm exploded in | http://www.newsci
- Mech & high winds. No one was hurt in this incident. entist.com/blogs/o
s c w | Onshore
S v 023 9 Struct = Site nepercent/2011/12
D -_—
E o E Failure % /why-did-a-wind-
turbine-self-co.html
The body of an installer working on the http://www.renew
foundations at Bard Offshore 1 was recovered ablesinternational.
after he had been dragged under water during net/tragedy-at-
assembly work. The offshore installation worker offshore-wind-
was helping to assemble the tri-pile foundation farm/150/505/330
when the ladder to which the he was hooked up 28/
N % z Ladder . | Offshore | became detached. As the ladder fell into the
E E |© Tg Failure % Site depths, it took the installer with it. A second
- & - employee was able to escape unharmed. A search
team recovered his body two days later. The
platform he was working on was attached to the
tower with a metal band encircling the tower. The
ring was not otherwise attached. The ring slipped
into the sea dragging the worker with it.
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N " Mech & | onshore A WTG rotor blade broke off at an ons‘hore. wind http://wwvs./.habitat
S x °§a g Struct ; ite farm near Glasgow. No one was hurt in this 21.co.uk/wind47.ht
> o E Failure 5 incident. ml
While driving to an onshore wind site the vehicle http://www.abc.es/
N c s E Road g Onshore | containing two service technicians went off the agencias/noticia.as
E § ocg % Accident | = | Site track, overturned. One of the technicians died in p?noticia=1095470
N = © the accident, the other one was injured.
Two maintenance personnel were in the nacelle http://www.windp
eliminating frequency converter faults during the owermonthly.com/
regular maintenance work when the turbines windalert/news/log
caught fire. The firefighting apparatus could not in/1118311/
reach the hub height of 80-metres, there fire
fighters could not put off the fire. WTG burnt for
g © E Fire ; Onshore | about 12 hours and extinguished by itself. The
N S o % % Site wind turbine nacelle was burnt away, and the
© - three blades were damaged to varying degrees.
The fire fighters found one body at the second
platform of the wind tower, who had died as a
result of head injuries according to the post-
mortem. The other engineer's body was not
found. The cause of the fire remained unknown.
Structur Collapse of a WTG killed one worker and injured http://www.rechar
S © s E al E Onshore | three others in an onshore wind farm in China last | genews.com/energ
N = o3 i . = | Site week. y/wind/article3227
= O o ks Failure o 29 ece
A construction worker died after a rotor blade http://www.rechar
N g Z Crane W Onshore | dropped onto his crane cabin at the site in genews.com/energ
E S o o Accident % Site Mannhagen. Contractors were installing turbines y/wind/article3288
S & £ at the site near Germany's Baltic Sea coast. 9l.ece
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A crew member suffered a fatal fall from a Billy http://www.imca-
Fall Pugh X-800 series personnel basket during a int.com/safety-
from transfer between an incomplete jacket platform environment-and-
™ = Man- w |y | (OSP) and heavy lift barge. The basket started legislation/safety-
= esse
E 5 |o g Basket % swinging and the person fell and landed on a flashes/2013.aspx
- = during walkway of the jacket platform, suffering serious
Transfer head injuries. He was evacuated to hospital and
subsequently died of his injuries.
During preparation for tank cleaning onboard a http://www.imca-
- vessel, one of the crew fell from the main deck int.com/safety-
g. Falling down in starboard methanol tank. The fall height environment-and-
3 v o é into E Vessel was 4.30 meter. The AB was securing the area legislation/safety-
—
= = iz Tank o with blocking (barrier) tape and while moving flashes/2013.aspx
§ backwards, he stepped into the tank. The injured
)
person (IP) fractured his femur.
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OWF / ONWF

During diving operations when dive support vessel | http://www.imca-
(DSP) suffered a dynamic positioning (DP) control int.com/safety-
system failure and consequent uncontrolled vessel | environment-and-

movement. Diver 1 and Diver 2 were located legislation/safety-
within a subsea drilling template, in 90 meter flashes/2013.aspx
water depth, carrying out valve operations for

barrier testing when a number of DP alarms
sounded related to K-Pos Redundant
Communication BUS. The amber alarm was
activated, which was followed by red alarm
shortly afterwards and the instruction was
Serious immediately given by the dive supervisor for the
Diving Vessel divers to make their way back to the dive bell
Accident

OWF

staging. While the divers were attempting to
relocate back to the bell staging the vessel lost DP

2/1/13
UK
C
Loss Time Injury

control and started to drift-off at which point
Diver 2's umbilical snagged on a transporter
bucket located on the west face of the drilling
template. The vessel continued to drift and Diver
2’s umbilical severed resulting in the diver losing
surface supplied gas, hot water and
communications. Diver 2 immediately went onto
bail out and made his way back onto the template
structure roof. Diver 1 successfully located back to
the bell staging.

BSEE Offshore Wind Energy Inspection Procedure Assessment Page 192 of 730



& BSEE

Porcas of Safety snd
Javwonmental |aforcomens

L
> | o Te | = .
% = o 2 S 3 O | Location Info Source
o é’ = = ?é f g
(@)
A member has reported an incident in which a http://www.imca-
handrail gate was dislodged from its retaining int.com/media/965
points and fell 4.5m to the deck. The incident 68/imcasf04-
occurred after crew members moved a lifting 13.pdfhttp://www.i
mandrel to secure it against a mezzanine deck. mca-
The lifting mandrel started swinging fore and aft, int.com/media/965
and a crew member went to the forward winch 68/imcasf04-
Dropped and attempted to draw on the lifting mandrel 13.pdfhttp://www.i
- 2 Handrail tension wire and secure it. During this tensioning mca-
S x o % / Gate g Vessel of the wire, the mandrel/wire rose under the int.com/media/965
) e o lower bar of the mezzanine deck center handrail 68/imcasf04-13.pdf
= near MP gate, dislodging it from its retaining points. The
handrail gate, which weighed 8kg and was 100cm
across, fell 4.5m to the deck, landed and bounced
once. There were no injuries, but it was calculated
that such an object falling from that height might
have caused a fatality had it hit someone. Hence
the event was categorized as a high potential near
miss.
During a period of high winds offshore (+ 40 knots) | RenewableUK
a turnbuckle (photo 1 below) fastened to the side
Turnbuc of an elevated structure (photo 2 below) became
- 2 Kle sufficiently loose to detach itself and fall
La v O % Fallin ; Vessel approximately 45 meters to deck. No personnel
§ = ] @ gk o were nearby the area of impact when this incident
= to Dec occurred. The incident was caused, because no
locking nuts were fitted to the turnbuckle during
its installation on the structure.
Fixed Fall Arrest slider sliding down the fixed rail RenewableUK
™ g s > Rail Fall g Onshore | uncontrolled when released by the technician
E ) ocg :E’ Arrest Z | Site causing an injury in a WTG.
s - Accident | ©
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Report of 2 fatalities involved in the replacement RenewableUK
of a wind turbine generator on a 50m lattice
tower. Five people working for a local contractor
were replacing a wind turbine generator on a 50m
lattice tower. They were using a pulley wire winch
with one tractor to lift the new generator instead
. z w | Onshore : . .
= g 0225 = Fall = Site of using a heavy crane. The fixture of the wire
il
> £ o E % winch was anchored to the nacelle bedplate.
During the lifting operation, the fixture broke and
the generator fell to the ground. The nacelle was
badly damaged and two of the workers that were
working in the nacelle fell to the ground and died
instantly.
O&M worker who was moving away from an RenewableUK
™ = . uw | Onshore | unstable anemometer, tripped on the tension
< > |2 = Trip = | I . :
— IS o3 o] > | Site cable, hit his head against a rock and died
> = |© R o .
instantly.
Crewman seriously injured his foot during cable http://www.imca-
laying for an offshore wind farm. During a mooring | int.com/media/128
operation one of the crewmen attached the rope. | 174/imcasfl6-
He signaled to the Master in the wheelhouse that | 13.pdf
he was clear to back away from the tower. He
then stepped out of sight of the Master. The
Master applied full reverse power briefly, to get
> away safely from the tower, then put the engines
- g. Foot into neutral. The crewman was then seen being
£ 00
< v w . g Vessel dragged by the foot, which was attached to the
Z > |9 € Injury L
S = o mooring line, across the foredeck. The rope pulled
g him into a gap between the hand rail sections
)
causing a serious injury to his foot. The operation
was stopped for medical assistance. Medics from
the DP2 vessel attended and provided initial
treatment before the crewman was conveyed by
helicopter to hospital. As a result of the injury the
crewman suffered a partial amputation to his foot
which included the loss of his toes.
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During the laydown of a Crane master RenewableUK
compensator, the lower shackle and link pate
Turnbuc . . .
- 9 Kle moved without control just before a rigger was
< v = . < | Vessel about to re-sling the shackle and link plate to
d =) O . Falling =
S e to Deck o reposition it. No personnel were in the barrier
z o Dec .
zone and no personnel were injured as a result of
this incident.
A wind farm service vessel lost control of its jet http://www.imca-
drives. The incident occurred when a wind farm int.com/media/121
service vessel was underway returning to port 444 /imcasf12-
from the wind farm. Control of the port jet was 13.pdf
OWF lost and the vessel veered heavily to port. The
® € service port jet was shut down and the vessel returned to
Z « = 9] § Vessel . .
o ) °C2)5 2 Vessel 3 base on one engine escorted by another wind
o
A = Collision farm service vessel. An M6 size bolt, securing the
steering feedback transducer plate to the end of
the steering ram, had vibrated loose and fallen off
into the bilge; this resulted in a loss of steering
control of the unit.
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A member has reported an incident in which a http://www.imca-
wind farm service vessel collided with a turbine int.com/media/121
foundation, after failure of the vessel jet drive. 444 /imcasf12-
The incident occurred after the vessel had 13.pdf
disembarked passengers at the sub-station and
had reversed away to drift, whilst standing by for
the next assignment. The jets were disengaged
and engines left running, as was common practice.
OWF Under the influence of currents, the vessel drifted
g g s *s’ service | Vessel towards another turbine foundation and when
S ) 055 g Vessel % approximately 30m away, the vessel
— < Collision coxswain/skipper attempted to engage the jets. At
this moment it was found that neither jet would
engage. Several minutes were spent fault finding
to no avail, after which the vessel
coxswain/skipper assisted the deckhand with
fenders. The vessel collided with the foundation,
causing a buckled frame and bent plate in the port
quarter bulwark, but no damage to the
foundation.
Third party lifting inspector found that a 1 ton http://www.imca-
lifting shackle had lost a pin and the missing pin int.com/safety-
" Shackle had been replaced with a standard bolt and nut environment-and-
! @ . which was not certified for lifting operations. legislation/safety-
< ~ = Configur | < | Vessel . .
Z ) © = . % Additionally, the shackle was found to be pinched | flashes/2013.aspx
= z ation due to excessive pressure being applied when
tightening the nut due to the bolt having thread
along its entire length.
Fire broke out (probably in the nacelle) of an 80m | http://renews.biz/5
" high wind turbine while four technicians were 2979/two-dead-
g E s E Fire ; Onshore | working. The fire blocked the way down of two after-dutch-
S E 0025 % % Site technicians and they could not escape. While two | turbine-fire/
A g = technicians managed to get out, the other two
technician died in the fire.
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A 14m wind farm support catamaran caught fire. http://www.imca-
The three crew members on the vessel were int.com/safety-
unable to extinguish the fire, which spread rapidly | environment-and-
< - . throughout the vessel, forcing them to abandon to | legislation/safety-
< « |2 - Fire < | Vessel ) . -
d S °C2)5 % % a life raft. One person was slightly injured. It was flashes/2014.aspx
™ - discovered that there had been no control of
work, no isolations or barriers, no risk assessment
or tool box talk in place.
Four men were killed in after their plane collided http://london.ctvne
with a wind turbine in South Dakota during foggy ws.ca/ontario-
weather. pilots-worried-
about-wind-
turbines-after-u-s-
- ol onsh crash-
< ane nshore -
£ | g |=| £ = | 1.1809128http://lo
= 4] o3 It Crash = | Site
~— D
3 o & o ndon.ctvnews.ca/o
ntario-pilots-
worried-about-
wind-turbines-
after-u-s-crash-
1.1809128
Fire started in the ground controller electrical AWTG
cabinet located at the base of a onshore WTG ina | Manufacturer
< 2 . w | Onshore | demonstration wind farm, which resulted in a
< S | = > Fire = | . .
= S |3 = = | Site person having to evacuate the nacelle using the
= ) o o o . .
= emergency descender device. The machine was
stopped but powered up.
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The 40 meter-long ship collided with one of the http://www.nwem
turbines at an Offshore Wind farm in the UK ail.co.uk/news/oil-
territorial waters. Following the accident, the ship | leaks-into-sea-
was refused entry to docks because its engine was | after-ship-hits-
E leaking diesel oil as a result of the collision. The wind-turbine-off-
% Oil Leak ship was able to move under its own steam and barrow-coast-
s g s % intothe | & Offshore | the crew was told to await further instruction in 1.1155604#
E ) °C?)5 g Sea % Site waters away from environmentally-sensitive
°° g areas. The Maritime and Coastguard Agency then
.g arranged for a small plane to fly over the ship, to
S assess the extent of the leak, and reported a
surface sheen up to 10 meters wide and around
0.7 nautical miles in length trailing the vessel. No
one was hurt and WTG was not damaged.
Report of an incident on a workboat used in the http://www.imca-
offshore wind farm industry, in which there was a int.com/safety-
serious failure of an alternator bearing, leading to | environment-and-
a small engine room fire. The vessel crew noticed legislation/safety-
a sound change from the engines and a reduction | flashes/2014.aspx
in revs (dropped by about 100 rpm) followed
g g s ‘q&; Fire § Vessel immediately by the fire alarm. 'I-'he-crew shut the
g ) °C2)5 g 3 fire flaps, and the fuel and ventilation shut off
= using the emergency stops. The engine room was
checked, and smoke and small flames or glowing
were observed from the alternator. The fire was
extinguished, the safety of crew, passengers and
vessel was confirmed, and the vessel returned to
port on one engine.
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An incident has been bought to IMCA’s attention http://www.imca-
in which there was a small fire in the starboard int.com/safety-
engine space on a crew transfer vessel used in the | environment-and-
offshore wind farm sector. The incident occurred legislation/safety-
when on passage to an offshore wind farm. flashes/2014.aspx
Shortly after leaving port, the fire alarm was
activated in the starboard engine. Dark smoke was
observed coming from the drain hole in the after
E g 023 g Fire L;L Vessel inspec.tion hatch ?f the starboard engine. On the
d ) 4 = 3 CCTV into the engine space there was no
o 2 indication of flames. The starboard engine was
shut down and full fire procedures were carried
out. The CO2 system was also used, however on
inspection after the incident it was found that the
system had not deployed. Shore authorities were
alerted and the vessel returned to port on one
engine. All staff were safely landed ashore and the
fire confirmed to be extinguished
A member reported an incident in which tools http://www.imca-
were dropped from height. The incident occurred | int.com/safety-
during pick up of engineers from a wind turbine environment-and-
tower. A wind farm workboat was ‘pushed up’ legislation/safety-
against a turbine to collect two technicians, who flashes/2014.aspx
were descending the tower. As they did so, a
ratchet and two sockets fell from the work pouch
E g s é Dr(?pped w | WG of one of the technicians, and landed on the on
g ) OCZ)S = Object % the bow/deck of the vessel. The ratchet —
o 2 weighing 0.5kg — and sockets fell approximately
15m and landed centimeters from the crewman
on board the vessel. There were no injuries and
the technician then continued his descent down
the ladder to board the vessel. All persons were
wearing appropriate personal protective
equipment.
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Incident related to a small fire in a below-decks http://www.imca-
space on an offshore wind turbine crew transfer int.com/safety-
vessel (CTV). The incident occurred whilst the CTV | environment-and-
was near a wind turbine tower, with the legislation/safety-
passengers working as engineers on the turbine flashes/2014.aspx
% g s ‘q&)’ Fire | Vessel tower. Although there were no injuries, both the
< ) °C2)5 2 % vessel master and the crewman inhaled some
S = smoke and powder from the extinguishers they
reported feeling “chesty” and had headaches, but
no further medical advice was sought. There was
some damage to fittings and equipment on the
crew transfer vessel.
A 328-foot tall WTG buckled and collapsed on a http://www.telegra
mountainside in Northern Ireland. No one was ph.co.uk/news/eart
" 2 Mech & . | onshore hurt in this incident. According to unconfirmed h/energy/windpow
S x 023 g Struct § Site reports, the blades of the turbine had spun out of | er/11324119/Wind-
oy o g Failure o control - despite only light wind speeds - before turbine-collapses-
the structure came crashing to the ground. in-Northern-
Ireland.html
A company has reported a man overboard http://www.imca-
incident in which the person who fell overboard int.com/safety-
was recovered onboard uninjured within several environment-and-
minutes. The incident occurred when one wind legislation/safety-
- Man turbine crew transfer vessel went to assist another | flashes/2014.aspx
§ x 0225 g Overboa g Vessel such vessel which had reported propulsion
Py o g rd o problems. His lifejacket inflated immediately and
as he swam towards the other vessel, the master
onboard carried out a man overboard recovery
procedure and the casualty was recovered
onboard uninjured within several minutes.

Table 27 - Common Reportable Incidents and Accidents

A sample of incidents and accidents shown in Table 27 demonstrates that they could have been avoided

by complying with relevant safety procedures, carrying out timely inspections and implementing
requisite preventive maintenance practices, where applicable.

It is recommended for BSEE to audit OWF and ONWF owners/operators to ensure the following:

BSEE Offshore Wind Energy Inspection Procedure Assessment

Page 200 of 730




ABS Group A BSEE

a. All WTG components must only be transported after completing route surveillance by taking

into account the road widths, bridge heights, traffic conditions etc.

b. All truck drivers carrying WTG components to and from ONWF sites must follow relevant
company driving policies and use escort vehicles, when loaded, to ensure safe distance between
WTG trucks and the public traffic.

c. All technicians driving themselves to and from ONWF sites must follow relevant company
driving policies and using escort vehicles to ensure safe distance between WTG trucks and the
public traffic.

d. All crew members involved in the transportation of WTG components, foundations, OSP
topside, Met-Mast and the transfer of maintenance crew offshore must comply with maritime
safety regulations and offshore wind farm safety guidelines.

e. All workers involved in offshore wind farm construction and operation activities must be
properly instructed and supervised in the safe practices, procedures, process and safe operation
of machinery, tools, equipment which they are authorized to use or apply.

f. The technicians working on OWF or ONWFs must be well trained and mentally and physically fit
to carry out works in safest way possible.

g. The technicians working on OWF or ONWFs must have valid technical qualifications and safety
training records.

h. All OWF/ONWF workers must be made aware of the potential for catastrophic failures such as
crane failure during lifting of WTG components, or turbine break system failure as a result of not
restoring energy isolation devices to the operational position during maintenance, etc.

i. All supervisors overseeing any works at OWFs or ONWFs must be competent in developing,
documenting and using detailed technical and safety procedures and applying lockout or tag-out
devices to ensure safe practices during service or maintenance activities.

3.2.Events Prompting Inspections, Audits and Assessments
This section covers the events which prompt or should prompt inspections/audits/evaluations. As
addressed in Section 2.1 there are a number reportable incidents and accidents, which are experienced
more frequently than any other incident and accident types in the wind energy industry. Based on that
information risk groups can be categorized which are also shown in Appendix E, which either cause
incidents and accidents or aggravate the consequence of incidents or accidents.

a. Lack of Organization: The human factor forms the most important risk group as human
behaviour and human performance failures are known to cause many incidents and accidents
particularly in the absence of adequate SHE system at work, training, work instructions,
procedures, process, coordination, risk assessments, first aid systems, emergency and rescue
plan, use of Personal Protection Equipment.

b. Workplace Design: This risk group presents hazards that cause injuries and fatalities in work
areas including places involved in onshore and offshore transfer of WTG components and
technicians. Incorrect practices or poorly designed work spaces in WTG, OSP, warehouse or
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office are known to have caused fall/slip/trip/stumbling accidents with undesirable
consequences. Last but not least the confined space is another area which presents major
hazard to workers’ safety.

c. Non-compliance with Ergonomic Principles: This is another area of risk that present hazards
particularly with regards to heavy physical work, lighting particularly when working in confined
spaces, weather and marine conditions including wind speed, temperature, wave height and
currents - particularly for diving operations - for offshore works, lifting and carrying tools and
equipment. Non-compliances with any of applicable ergonomic principles are known to result in
incidents and accidents.

d. Mechanical Components: This risk groups is the second most significant area of hazard for wind
farm operations, which are known to cause severe accidents and fatalities over the years.
Unguarded machine parts, parts with dangerous surfaces, uncontrolled moving parts and means
of carriage have caused a number of accidents that not only caused fatalities and environmental
harm, but also sometimes resulted in total loss of asset.

e. Electrical Components: This risk group has long presented major hazards on OWF and ONWF
sites with shock currents and arcing causing electrocution in WTGs and onshore and offshore
substation.

f. Hazardous Substances: Harmful effects on health caused by gases, vapours, aerosols, liquid and
solid substances are well known. This risk group particularly presents hazards when working in
contaminated areas, confined spaces with harmful effects to the skin and lung.

g. Fires/Explosions: This is another significant risk group that is addressed in the previous section
by giving ample of examples involving WTG fires with severe consequences. The fire hazard is
caused due to faulty electrical components, damaged cables, solids, liquids and gases in WTGs,
onshore and offshore substations.

h. Physical Impact: This risk group presents hazards particularly in the construction phase of OWFs
with exposure to noise and vibration during MP foundation installation or decommissioning.

i. Other Potential Risks and Harmful Effects: This risk group cover other potential hazards such as
psychological strain caused by working at heights, working offshore etc.

j. Rescue and Emergency Procedures: This risk group covers risks in the event of emergency when
there is not adequate response and rescue procedure and planning in place particularly for
incidents necessitating rescue from nacelle of a WTG.

k. WTG Malfunction: This risk group is another significant one which is known to have caused a
number of severe accidents resulting in loss of lives and entire WTG asset. WTG malfunction
may be caused by fault in yaw system, gearbox, bearings, hydraulics, generator, mechanical
control etc.

The risks categorized in each group require careful assessments followed by preparation of adequate
procedures, processes, work instructions to implement during the transportation, installation,
commissioning, operations and decommissioning of OWFs, ONWFs, Met-Mast and onshore and offshore
substations. Therefore activities involved in each risk group should be subject to periodic and random
internal and external audits to ensure compliance to relevant safety regulations, technical specifications
and standards.
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Similarly the WTG components that have high failure frequency rate should prompt inspections. As
discussed in Section 2.9 “Critical Components of WTGs and Wind Farms”, the most critical components
of a WTG are electrical system, gearbox, generator, control system and sensors as failure in any of those
components tend to result in malfunction of WTG with potentially severe safety consequences. The
other critical components can be categorized in the following groups:

a. Wind Turbine Structure Critical Components:
i.  Tower: Welded steel connections
ii. Hub: Cast steel
iii. Blade: Glass fiber reinforce plastics (GPR), carbon fiber, composites
iv. Nacelle : Steel cast, welded steel connections
V. Gear Box: Gears, shafts
Vi. Yaw and pitch mechanism: Gears, ring
vii. Bearings
b. Support Structure:
i Transition node: Welded steel connection, grouted connection
ii. Jacket substructure: Welded steel connections, cast steel nodes
iii. Tripod substructure: Welded steel connections
Other:
i Hydraulics
ii. Cables(wind turbine) and Inter Array Cables
iii. Transformer & Converters (Offshore Substation)

As discussed in Section 3.11, a number of WTG components require periodic inspections to ensure asset
integrity and to maintain operational availability and safety. It is also discussed which aspects of OWFs
should trigger inspections in the Section 3.13. Please see those sections for detailed information about
the type of events prompting inspections, audits and assessments.

While it is preferable to follow the risk base inspection approach for a wind farm, any mechanical,
structural and/or electrical component failure within a WTG or substation should immediately prompt
inspections firstly to determine the root-cause of a failure and secondly to determine the potential
failure risk of identical components within other WTGs in the same wind farm. For example, following a
major cable failure resulting in fire within one of 15 WTGs in a given wind farm not only the WTG with
failed cable should be inspected, but also other 14 WTGs should be checked to determine whether same
cable in other WTGs present fire risk.

It is recommended for BSEE to require wind farm owners/operators to demonstrate to BSEE that they
have a process in place to trigger inspections on failed components of a WTG, a substation or subsea
cables; the inspection should not be only carried out on failed components but they should also be
performed on the identical components within the same wind farm in order to prevent same
mechanical, electrical or structural faults resulting in similar incidents or accidents.
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3.3.Accident Occurrence Probability and Inspection Frequency

This section addresses if or should the probability of an accident occurring affect inspection frequency.

The timing and frequency of inspections should take into account inherent safety, health and
environmental risks. Therefore, if it is deemed that the accident occurrence probability is high in any
component of a wind farm, then the frequency of the inspections should be increased to address the
potential failure modes. This approach resonates with the risk based inspection concept, which is
addressed in the Section 2.13.

The probability of accident occurrence is the mean frequency or rate with which the specified accident
would be expected to occur in a given period of time, which can be determined based on the historical
accident data. Based on the accident occurrence probability, an appropriate written inspection scheme
containing the frequency and the nature of inspections should be prepared. Inspection is an initiator for
activities such as repair or replacement of equipment, which may have caused accidents in previous
occasions, or a change to an operating conditions or a safety procedure, which may have failed to
prevent accidents previously. Once the accident occurrence probability is identified, the implementation
of risk based inspection with adequate frequency will increase the chances of taking accident mitigation
actions, and thereby it will reduce the probability of accidents. As is addressed in different parts of this
study, the responsibility of specifying the nature and frequency of inspections and any special measures
needed for safe inspections such as implementing lock-out tag-out procedures, selecting appropriate
PPEs for inspections works etc. must be placed only with the competent person.

The inspection frequency should be consistent with the accident occurrence probability, which may be
associated with a particular WTG component or weather conditions or a safety procedure or adequacy
of qualification or validity of training of workers or physical and mental fitness of a worker. While the
statutory inspection frequencies are determined by regulatory bodies, non-statutory inspections
frequency must be based in various factors. When deciding on an appropriate interval between
inspections the relevant factors should be taken into account as there is no single rule in determining
the appropriate inspection frequency; this should be decided based on factors such as historical accident
data, where available, accident probability, component failure risk, accident severity risk, access to wind
farm site — particularly for OWFs - by a competent person with adequate qualifications and experience.

G9 Offshore Wind Health and Safety Association’s 2013 annual incident data report provides much
valuable information about the incidents and accidents reported in offshore wind energy industry.
Figure 22 below demonstrates that the majority of the reported OWF incidents were related to activities
in vessels, WTGs and onshore operations.
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Figure 22 — OWF Incident Area'®

Likewise Figure 23, which is published in the G9 2013 Annual Data Report, shows the OWF work
processes in which accidents occurred in 2013. According to accident data collated by G9 the most of
OWF project related accidents happened during lifting operations, marine activities and while operating
plant and machinery; similarly the most of OWF O&M related accidents happened during lifting

operations, marine activities and while working at heights'”’.

| Pl op P ops | Pl Ops  Bj | Ops  Fj | Op Pj | Ops | P Ops | P Ops Py | Ops | Pl O P | Ops
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Training/drills/team building events
Transfer by helicopter
Working at heights
Working in confined spaces
Working on energised systems

Working with chemicals and
hazardous systems

Working with hand tool/power
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1% G9 Offshore Wind Health and Safety Association 2013 Annual Data Report, page 5, www.g9offshorewind.com

%7 According the G9 statistics the third most frequent accident work-process was classed as “other”, which were not taken in to account in

the ranking as there was the qualitative information to comment on the work-processes included in this group.
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Figure 23 - Work Process — Project/Operation Site Breakdown'®

Once such accident data is available, it will get easier to estimate the probability of the accident
occurrence for OWF or ONWF whether it is in design/transportation/installation/commissioning stage or
operational stage. Using probability-impact plots, similar to the one shown in Table 28, it is possible the
plot qualitative determine the consequence of a potential accident risk in order to determine the
inspection frequency to prevent failure of work-processes, work equipment or components.

Impact
1 2 3 4 5
Probability (Very Low) (Low) | (Possible) (High) | (Very High)
Insignificant Minor | Moderate | Major | Catastrophic
5 —Very High
4 - High
3 - Possible
2 - Low
1-Very Low

Table 28 — Impact & Probability Relationship

Following the assessment of accident occurrence probability either based on historical approach (by
analyzing historical accident records) or on analytical approach (by using probabilistic risk assessment in

198 59 Offshore Wind Health and Safety Association 2013 Annual Data Report, page 8, www.g9offshorewind.com
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the absence of historical accident database), if it is determined that the potential accident occurrence is
likely, it will be necessary to develop an inspection program, which outlines the nature of inspections
with requisite frequency.

The relationship between accident occurrence probability and inspection frequency is not always
proportional. While in certain occasions there may be a high probability of accident occurrence but with
minor consequences, in other occasions there may be a low probability of accident occurrence but with
major consequences. Therefore it is rather important to evaluate the correlation between accident
occurrence probability and accident consequence before the determining the inspection frequency
within a structured OWF or ONWF inspection program.

A risk based OWF or ONWF inspection program should include work procedures, work processes, work
instructions, wind farm component parts, which will be all subject to inspections with inspection work
scope and inspection frequency. The inspection program, which should be written elaborately, should
be critically assessed and reviewed in order to justify the reasons for behind the inspection scheme. In
this process the best approach is to apply the risk based inspection principles to determine the
frequency, extent and nature of inspections; the following information should be used in this effort:

a. Potential flaws of work instruction, work process or work procedure.

o

Potential mechanisms and rates of deterioration of wind farm components in
relation to the length of service.

Sites that may be particularly susceptible to deterioration or failure.
Potential types of damage, flaws, defects or degradation in equipment.
Tolerance of the part to damage, flaws, defects or degradation.

The probability or likelihood of failure arising from future operation.

The likelihood of risk.

The consequences of failure.

S@ 0o o0

The risk category of relevant process, procedure, or component

As recommended by the UK Health and Safety Executive, it is a good practice for the written inspection
scheme to be reviewed at the time of any repair or modification by a competent person. This review will
ensure that the scheme remains valid and that feedback from the repair or modification can be taken
into account in establishing the nature, scope, extent or frequency of any future in-service inspection. '
Although this recommendation is given in accordance with the risk based inspection approach, it also
applies to an inspection scheme, which is determined based on accident occurrence probability. It
should be remembered that any inspection scheme based on accident risk and/ or other risks should be
evaluated periodically as risk profile of a wind farm is changes overtime; therefore any data used to
determine the inspection frequency and nature should be reassessed or refined on an ongoing basis.

1% Best Practice for Risk based Inspection as a Part of Plant Integrity Management, page 53, UK Health and Safety Executive,
2001
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3.4.Near-miss Reporting

This section addresses what accidents or near-misses are or should be reported by companies that
operate OWFs.

In section 2.22, accidents are grouped which should be reported and elaborated in the accident
reporting process. Section 2.23 discusses what type of accidents and near-misses are reported in the
wind energy industry. Section 3.1 elaborates on the accidents and near-miss events reported particularly
in the offshore wind energy market. The process of accident and near-miss reporting is also addressed.
As stated in the relevant sections the accidents and near-miss events should reported promptly; such
reports should be completed providing all available details with documented information such as
photographs, drawings or sketches and any information regarded as relevant to assist the investigation.
The form must be forwarded to the SHE manager or team leader, who is responsible for arranging near-
miss investigation. Staff members or contractors should make effort to take appropriate action to rectify
or minimize any risk whenever practically and physically possible even before any accident and near-
miss report is produced.

The nature of OWFs and the risk involved in the construction and operational phases of OWFs stress the
fact that it is crucial to report any accident and near-miss event not only to assess and rectify the root
causes but also to increase the safety awareness in order to improve the safety performance in the
offshore wind energy industry.

As stated by the UK Health and Safety Executive, the hazards in offshore industry include working from
height, slips and trips, contact with moving machinery, possible risks of electrocution or from fire and
construction in very windy conditions. Offshore construction is even more hazardous including risks
from large waves, diving activities, siting the turbines and issues such as stepping from a boat onto a
turbine. Wind turbines also require regular maintenance; therefore workers are exposed to these risks
regularly. Additionally, structural failures can occur and turbines are prone to being struck by lightning,
which could cause damage and fire'™.

Throughout this study the risks inherent in OWF construction and operation activities are addressed and
highlight the inspection requirements to mitigate failures in mechanical, electrical, structural aspects of
OWFs. The safety impact of such failures both on people and environment are discussed and highlight
the risk of accidents and what should be done to avoid such occurrences. The requirements are laid out
for accidents and near-miss events in previous sections. While there are statutory requirements to
report OWF accidents and near-miss events in almost all countries - that are included in this study — it is
also best practice to report any accident and near-misses to relevant authorities and also share this
information with an industry association, where possible, to gather much valuable safety data for
improvements.

110

Horizon Scanning, Wind Energy, The Health and Safety Executive, 2009, UK
http://www.hse.gov.uk/horizons/assets/documents/wind-energy.pdf
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While it is recommended that all OWF accidents, incidents, near-miss events affecting workers and
members of public to be reported, at minimum the following should be reported:

a. Amputation of body parts, cuts and major bruises

b. Asphyxiation due to lack of oxygen in confined space

c. Burns and smoke inhalation in fire

d. Diving accidents

e. Electrical failure incidents or lightning incidents resulting in fire

f.  Electrocution or electrical discharge

g. Evacuation of personnel in response to non-weather-related events

h. Eye injuries caused by harmful chemical, welding sparks or other causes
i. Falling into sea, drowning and near-drowning incident

j.  Fatal accidents

k. Head injuries

I.  Helicopter crash

m. Hit by machinery or objects falling from WTG, cranes,

n. Incidents involving ice throw, rotor blade throw, structural failure resulting in collapse of WTG.
o. Lifting accidents

p. Manual handling accidents

g. Near-miss events including near vessel collision, helicopter misses, PPE defect, dropped objects,
exposed live cables, security breach etc.

r.  Noise induced hearing loss

s. Power tool, hand-tool accidents

t. Release of hazardous chemicals to soil and ocean
u. Repetitive strain injury

v. Respiratory problems as a result of exposure to harmful substance such as epoxy paint,
chemicals or welding fumes

w. Serious injury caused by accidents such as fall from heights, electrocution, transportation,
installation, boat landing

X. Transportation accidents onshore

y. Vessel collision with WTG, Met-Mast, OSP and other vessels carrying crew, WTG, foundation,
cable
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3.5.Metocean Conditions and OWFs

This section addresses which metocean conditions should cause concern for OWF operators, inspectors,
and regulators.

The offshore environment can be harsh and it is good practice for wind farm operators, inspectors, and
regulators to monitor developing metocean conditions in order to evaluate the suitability and safety of
working offshore.

Extreme metocean conditions, which are considered in the design of the wind farm, may pose risks for
foundations and turbines, but much more mundane conditions can be hazardous to support vessels and
their personnel, as well as inspectors and maintenance professionals working in the field.

At a minimum, the following observed conditions should be monitored/evaluated at the wind farm site
before going offshore:

Wind Speed and Direction

Sea state (wave heights)

Visibility

Tidal conditions

Current speed

Temperature

Precipitation (snow, sleet, hail, rain)
Lightning risk

Sm ™m0 a0 T oo

Weather forecasts should also be considered for planning and continuously monitored to ensure the
safety of personnel offshore.

If available a live closed-circuit television (CCTV) broadcast from turbines in the water can provide a
much more detailed picture of the conditions aboard individual turbines.

The above items should be considered with respect to guidance from a marine coordination unit
responsible for coordination of service vessels and crew, marine equipment, and maintenance
technicians.

In addition, the suitability of metocean conditions for maintenance and inspections should also take and
take into account the following:

Fit for service assessment of vessel for conditions

a

b. Level of training of personnel/inspectors

c. Safety measures aboard vessels and turbines
d

Conditions of gangways, decks, ladders and walkways aboard the turbines
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3.6.Majors Safety Concerns for WTGs, OSPs, Onshore Substations and
Transmission Cables
This section addresses the major safety concerns related to WTGs, OSPs (or offshore electrical service
platforms), onshore substations, transmission cables and Met-Masts. It also addresses all minimum HSE
measures which need to be taken for the inspections of those installations at both onshore and offshore
locations.

Like many other industrial assets, offshore substations and onshore substations are also designed with
safety aspect in mind in order to meet the statutory safety requirements for structural design, electrical
design, fire and explosion protection system design, access and transfer method design while
considering the emergency response plan requirements.

A paper published by Thomas Boehme et al*'* explains that one of the first considerations at the design
stage of an OSP is the manning level of the platform at the various stages of the project. While most
OSPs are unmanned, some OSPs have separate accommodation platforms such as Horns Rev I, as
shown in Figure 24, which is connected to the transformer platform by a bridge. Another example is the
Bard Offshore | OSP, as shown in Figure 25, which adopted an approached used in the oil and gas
industry where equipment and accommodation are located on the same offshore transformer platform.
So it is not entirely correct to refer to OWF asset as unmanned as some of the OSPs are designed to
accommodate workers offshore.

2

Figure 24 — Horns Rev Il OSP with Accommodation Platform™

" Offshore Transformer Platform Design for Safety, Thomas Boehme, Lars Schigtt Sgrensen, James Brown, and David Boye,
European Wind Energy Association, Stockholm, 2009
http://proceedings.ewea.org/offshore2009/allfiles2/214 EOW2009presentation.pdf

12 http://www.4coffshore.com/windfarms/substation-horns-rev-2-substation-sid111.html
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Figure 25 — Bard Offshore | OSP

The following aspects of OSPs are taken into consideration when identifying and assessing risk in the risk
management process:

e Crew transfer by boat and helicopter

e Access and exit routes for emergency response
e Structural integrity of top side and substructure
e Transformer, electrical equipment and cables

e Fire and explosion protection system

The main safety concerns related to onshore substations, shown in Figure 26, are mainly associated with
integrity of substation, transformer, electrical equipment and cables. In addition to those main
components, the following aspects of onshore substations are included in the safety risk assessment:

Foundations, including oil sumps
Buildings

Cable ducts

Fencing/access control

Lightning protection

Main and auxiliary transformers

Relay coordination

Low Voltage systems (LVAC, LVDC, UPS)
Earthing system

S®m 0 a0 T oo

j. VAR compensation

3 hitp://www.4coffshore.com/windfarms/substation-bard-1-substation--sid101.html
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Based on those components substation safety equipment are normally installed at each switch-room
location; the equipment includes the following:

Safety and warning signage

Insulating matting and/or platforms

Lifesaving or intervention kits (portable or wall mounted)
Voltage detectors

Earthing kits

® o 0 T o

4

Figure 26 — London Array Onshore Substation™*

On the basis of national and international health and safety at work regulations, companies are legally
required to identify the hazards associated with any workplace, to assess the risk, to stipulate safety
measures and to verify the effectiveness of the safety measures taken for wind farms. This rule also
applies to all workplaces not only to the company premises, but also to temporary workplaces, such as
warehouses, factories, construction sites and wind farms.

Inspecting OWF and ONWF installations including OSP and Met-Mast is subject to a multitude of
potential hazards. Therefore inspections must only be carried out after all requisite safety precautions
are taken. This section specifies those safety measures, which need to be complied with and
implemented in order to ensure safe inspection practices.

Despite numerous engineering safety measures, inspecting WTGs, OSPs and Met-Mast still involves
many hazards. Therefore protecting inspectors against hazards not only requires the use of PPE but also
safe conduct, which basically requires knowledge of the potential hazards and the necessary safety
measures.

3.6.1. Risk Management System
One of the first requirements for safe inspection practices is to perform documented risk identification
for all inspections related activities. In fact this practice is regulated by the relevant national and
international regulations, such as EU directive 89/391/EC™®. The aim of this Directive, which resonates

"™ http://www.londonarray.com/about-us-2/onshore-substation/

' Directive 89/391/EEC - OSH "Framework Directive", European Agency for Safety and Health at Work,

BSEE Offshore Wind Energy Inspection Procedure Assessment Page 213 of 730



ABS Group AFBSEE

with similar regulations around the world, is to introduce measures to encourage improvements in the

safety and health of workers at work. The EU Directive states that, “It is of fundamental importance as it
the basic safety and health legal act which lays down general principles concerning the prevention and
protection of workers against occupational accidents and diseases. It contains principles concerning the
prevention of risks, the protection of safety and health, the assessment of risks, the elimination of risks
and accident factors, the informing, consultation and balanced participation and training of workers and
their representatives”.

The EU Directive 89/391/EC adequately addresses the documented risk identification process which
must be carried out before undertaking any inspection works on WTGs, OSPs and Met-Masts and other
wind farm related assets. The process put together in the EU Directive is commonly applied for wind
farm inspections in Europe.

The EU Framework Directive contains basic obligations for employers and workers, but also states,
“Nevertheless, the workers' obligations shall not affect the principle of the responsibility of the
employer. It is the employer's obligation to ensure the safety and health of workers in every aspect
related to work and he may not impose financial costs to the workers to achieve this aim. Alike, where
an employer enlists competent external services or persons, this shall not discharge him from his
responsibilities in this area.”

The EU Directive lists the general principles of prevention as following and also outlines the obligations
of employers and workers:

Avoiding risks

Evaluating the risks

Combating the risks at source

Adapting the work to the individual

Adapting to technical progress

Replacing the dangerous by the non- or the less dangerous
Developing a coherent overall prevention policy

S 0D o o0 T W

Prioritizing collective protective measures (over individual protective measures)

Giving appropriate instructions to the workers
The employer shall:

a. Evaluate all the risks to the safety and health of workers, inter alia in the choice of work
equipment, the chemical substances or preparations used, and the fitting-out of work
places.

b. Implement measures which assure an improvement in the level of protection afforded
to workers and are integrated into all the activities of the undertaking and/or
establishment at all hierarchical levels.

https://osha.europa.eu/en/legislation/directives/the-osh-framework-directive/1
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c. Take into consideration the worker's capabilities as regards health and safety when s/he

entrusts tasks to workers.

d. Consult workers on introduction of new technologies.

e. Designate workers to carry out activities related to the protection and prevention of
occupational risks.

f. Take the necessary measures for first aid, fire-fighting, evacuation of workers and action
required in the event of serious and imminent danger.

g. Keep a list of occupational accidents and draw up reports for the responsible authorities
on occupational accidents suffered by his workers.

h. Inform and consult workers and allow them to take part in discussions on all questions
relating to safety and health at work;

i. Ensure that each worker receives adequate safety and health training

The worker shall:

a. Make correct use of machinery, apparatus, tools, dangerous substances, transport
equipment, other means of production and personal protective equipment

b. Immediately inform the employer of any work situation presenting a serious and
immediate danger and of any shortcomings in the protection arrangements

c. Cooperate with the employer in fulfilling any requirements imposed for the protection
of health and safety and in enabling him to ensure that the working environment and
working conditions are safe and pose no risks.

This risk identification must be carried out based on the most up-to-date knowledge and relevant
regulations. On completion of this process further amendments and updates will be necessary to
respond to the most up-to-date findings and changing hazards in inspection works. This risk
identification and assessment should be viewed in the light of the emergency and rescue procedures in
connection with the rescue and emergency program for WTGs, OSPs and Met-Mast.

Following this risk identification and assessment process, significant risks or hazards may require specific
work-related hazard assessment in order to ensure safe inspection activities. While it is important to
identify all inherent risks in inspection activities, it is equally important to assess the impact of
uncontrollable risk such as the weather in order to take effective safety measures.

The most significant hazards identified when working on wind farm assets are listed below and shown in

Figure 27:
a. Danger of falling: When climbing up/down in the tower or inspection components at
height
b. Electrical danger: When working on electrical equipment
Danger due to weather conditions: When strong winds, high waves, bad weather
conditions, ice and snow are prevalent
d. Danger due to falling objects: When tools and equipment positioned at height are not
properly secured
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Danger due to falling or stumbling: When working on WTG, OSP or Met-Mast

Danger due to rotating machine parts: When working within range of the drive shaft
Danger due to physical load: When climbing ladders in or on WTG, OSP and Met-Mast
Danger due to faulty operation: When flawed operation of the wind turbine controls or

S o

electrical components in OSP is experienced

Danger due to suspension trauma: When individual immobilised in harness or rope
when inspecting blades or working in WTG

j-  Danger due to delayed rescue: When accident occurs in the tower or nacelle

k. Danger due to lack of escape route: When smoke formation in WTG or OSP

I.  Danger due to confined spaces: When working in the hub, rotor blade or under
watertight platform of offshore monopile foundation

Figure 27 — Work Hazards on WTGs

3.6.2. Working in Confined Space
As discussed in section 2.1.7, working in confined space has special requirements. Those requirements
were developed over the years to address accidents which occurred while working in confined spaces.
As mentioned earlier, a confined space is any space with difficult access and exit and restricted natural
ventilation. There are two areas that are classified as confined spaces in wind farms:
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a. The interior of the WTG rotor blade: This area remains a confined space

irrespective of whether it is in the manufacturing facility, being installed or
already assembled as part of a WTG.

b. Below the airtight deck of an offshore WTG foundation: This area is classified as
confined space.

In many developed countries, accessing and working in confined spaces are only permitted for workers
who have valid confined space training certificates. Particularly in Europe, there are several training
companies that offer WTG specific confined space training programs. Whether the inspections or
maintenance works are to be performed in a rotor blade or below airtight deck of an offshore
foundation, it is a must to prepare a risk assessment method statement (RAMS) prior to commencing
any works in those confined spaces. In many countries this is a legal requirement.

As for carrying out any inspections and maintenance works in rotor blade or below the airtight deck of
an offshore WTG foundation, RAMS must be prepared. RAMS must have detailed description of tasks to
be carried out and qualitative and quantitative risk assessment including control measures and
conclusions. The risk assessment must considers the risks arising from each of the identified hazards,
and set out the risk preventative measures, which are required to reduce those risks to the lowest
reasonably practicable level. While carrying risk assessment the following should be addressed:

Risk identification

Potential harm

Risk location

Persons at risk

Risk rating before putting controls in place
Control measures

R

Residual risk rating after putting controls in place

In this process it should be recognized that solving one risk problem can create another, and that there
are practical issues that need to be taken into account. The risk assessment must take into account the
local regulations, HSE management system requirements of wind farm owner and/or operator. Similar
to any other requirements for working at OWF, ONWF, OSP or Met-Mast, the RAMS should address
requirements for PPE, signaling, Organization and supervision and emergency response plan.

In addition to assessment of environmental conditions and fitness of workers/inspectors, which must be
evaluated for carrying out works below airtight deck, when it comes to internal rotor blade inspections,
the rotor blade geometric requirements (for accessing and working in blade) should also be considered
when preparing risk assessment method statements. There are two important dimensions for work

within a rotor blade™®:

8 Working in Confined Spaces-Best Practice Guide-Blades, Asociacion Empresarial Eolica (The Spanish Wind Energy

Association), 2012, Spain http://www.aeeolica.org/uploads/documents/4160-working-in-confined-spaces-best-practice-guide-blades.pdf
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a. The scale of the work: This is what enables the worker to carry out some tasks inside the blade.
The whole of the blade is not accessible, as it is very narrow at the tip. Some blades, particularly
those on less powerful turbines, are not accessible at all,

b. The size of the manhole giving access to the interior of the blade.

Working within the rotor blade requires specific dimensions as shown in the EN 547 standard:

a. The average thickness of the human body for a horizontal opening in an out-stretched position
(95 percentile) =342 mm
b. Dimension of elbow width = 545 mm

The supplements stipulated in the EN 547 standard should be added to these dimensions:

a. Use of personal protective equipment = 100 mm
b. Work clothing =20 mm
c. Free space for arm movements =20 mm

Therefore, the minimum size for a worker using work clothing and personal protective equipment and
needing minimum arm movement would be 482 x 685 to be able to carrying out any inspections or
repair works inside a rotor blade. In the absence of these dimensions, it is recommended that work
should be performed on the ground in order to avoid the body being trapped in the blade, from where
rescue would be extremely difficult.

As for the dimensions of manhole for rotor blade egress or airtight deck egress, the EN 547 standard™"’
stipulates the following dimensions:

a. 342 x 545 mm for oval openings
b. 50mm are added for free space of access

Therefore the resulting minimum dimensions are 392 x 595 mm for oval openings. These dimensions
coincide with the established in EN50308 standard (standard not harmonized) 400 x 600 mm. For
circular openings it’s accepted until 500 mm in diameter as minimum, but it has to take into account
that the access will be very difficult. In that case it is recommended a minimum diameter of 550 mm™*%.

Occupational health monitoring is particularly important for workers who need to carry out inspection
or maintenance service in confined spaces within wind farms. Occupational health monitoring protocols
for working in confined spaces focus on:

a. Behavior regarding claustrophobia, stress
b. Health conditions regarding cardiac conditions, epilepsy, diabetes

"7 https://law.resource.org/pub/bg/ibr/bds.en.547-3.1996.a1.2008.pdf or

http://shop.bsigroup.com/ProductDetail/?pid=000000000030179189

18 http://shop.bsigroup.com/ProductDetail/?pid=000000000030143430
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c. Vertigo when working at height

Extreme physical exertion
e. Dermatological tolerance for blade inspectors and repair workers when checking resins,
fiberglass and catalysts

3.6.3. Working at Heights
Accidents involving falls from heights still continue to be one the major causes for accidents and most
serious injuries, sometimes resulting in fatalities in the wind energy sector. In recent years, falls from
heights constituted one of the major causes for fatalities in wind farm projects and operational assets in
Europe.

Working at height, whether in a WTG or OSP or on Met-Mast, presents risk of falling as the improved
designs of those installations cannot completely eliminate the risk of falling. Even though the safety
engineering has enhanced the safety aspect of installations in WTGs, OPS and Met-Mast by introducing
robust and ergonomic design including interface between ladders and hatches, guardrails and safety
barriers, etc., the correct use of PPE has proven to be vital in ensuring safe working practices at heights
and most countries made the use of relevant PPE compulsory.

Therefore, it is very important to ensure that fully functional and adequate PPE are used when working
at heights in WTGs, OSPs, Met-Mast and onshore substation. With regard to those installations, PPE
must be used in the following areas or operations:

Entry into and exit from the vertical fixed rail fall arrest system.
Work on open nacelle

Work on nacelle roof (e.g., working on anemometer)

Work on Met-Mast

Work within hub area

Work on rotor blade

Work with electrical equipment and cables

S @ 0 o0 T W

Evacuation from the nacelle

The employer or its contractor has the obligation to make the necessary fall arrest PPE available to the
inspectors and workers and to instruct them appropriately. In return the inspectors and the workers
have the obligation to use the fall arrest PPE provided to them in accordance with the instructions.

The following are the basic requirements for the use of fall arrest PPE when working at heights whether
ina WTG or OSP or on a Met-Mast:

a. Any person working in fall risk areas must undergo regular medical examinations.
Risk identification and assessment must be performed prior to use of fall arrest PPE.

c. Assess hazards resulting from the fall arrest PPE (i.e., misuse of the PPE or poor maintenance
of PPE resulting in malfunction of fall arrest PPE).

d. The fall arrest PPE must be accompanied by operating instructions.

e. The fall arrest PPE must be used in accordance with the instructions and its intended use.
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f. Inspectors and workers must be trained in appropriate use of the fall arrest PPE.

g. Refresher training must take place at least once a year or when necessary.

h. The fall arrest PPE training course for inspectors and workers must cover both the
theoretical and practical aspects of the field of application, and if necessary, also include the
essential rescue measures.

i. When fall arrest PPE is used, inspectors and workers must never work alone (as lone
working is not permitted), because it is paramount to ensure instant rescue of the injured by
the second person in case of an emergency.

j. Only use safe fall arrest PPE which is fit for the purpose.

k. The fall arrest PPE maintenance must be documented.

I.  The fall arrest PPE must not be misused for other purposes, for example, for transporting
loads.

m. A fall into the fall arrest system is always dangerous despite energy absorption, and
therefore the safeguard should be put in place to minimize the risk of falls.

n. The PPE must not be exposed to factors that can affect the safety conditions of the PPE. The
following could have a detrimental effect on fall arrest PPE:

i. Acidic/alkaline solutions
ii. Contact/friction heat
iii. Flying sparks

The following fall arrest PPE requirements must also be taken into account when assessing whether fall
arrest PPE is fit for purpose:

Only CE mark/American National Standard Institute (ANSI) certified equipment must be used.
The PPE must be used in accordance with the manufacturer’s instructions and its intended use.

c. Safety-relevant modifications (such as knots) to the PPE are strictly forbidden; therefore modify
PPE must be taken out of use at once.

d. Prior to each use, the user of fall arrest PPE must check the PPE for any damage, wear and tear
or other safety-relevant defects.

e. If the PPE is damaged or its functionality is deteriorated as a result of wear or tear or a strain
caused by a previous fall, the PPE must be withdrawn from use, until a competent person
approves its further use after an appropriate inspection.

f. Any defect in a fall arrest PPE must be reported to the safety person in charge.

g. The fall arrest PPE must be inspected every 6 months by accredited inspection firm and
inspection records must be issued for filing.

3.6.4. Safety Requirements
In order to ensure safety of people and environment, any inspections or work carried out at OWF and
ONWFs must only be performed by qualified workers with necessary work tools and PPE. Anyone, who
is assigned to carry out inspections at WTG, OSP, Met-Mast, onshore substation or on transmission
cables, must have requisite qualifications and valid safety training certificates. Table 29 below shows the
safety qualification matrix implemented in many European countries for inspectors:
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Inspection Inspection
Inspection
Inspection Rope Rope
Safety s Offshore Transmission
Onshore WTG bi
Qualification Matrix & Substation WTG & Access Access Cables
Substation
Onshore Offshore
Company medical ) . . . .
. Required Required Required Required Required
examination
First Aider Required Required Required Required Required
Basic Training Fall Arrest . . . )
Required Required Required Required n/a
PPE/ Rescue PPE
First Aid/Rescue Compulsory | Required Compulsory | Required Required
Required for
Offshore BOSIET Course |n/a Required n/a Required g
offshore
Helicopter . . Required for
o . . n/a Required n/a Required
Training/Winch Training offshore
Specialist/Qualified
Person Required Required Required Required n/a
Fall arrest PPE
Rope Access - Level 1 n/a n/a Required Required n/a
Rope Access - Level 2 n/a n/a Required n/a n/a
Required (one | Required
Rope Access - Level 3 n/a n/a person per (one person | n/a
team) per team)
Electrical Control
Equipment Required Required n/a n/a Required
Qualification Course
Person Qualified in
Electrics/Equipment- Required Required Required Required Required
related Training

Table 29 - Safety Qualification Matrix for Inspectors
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Table 30 below demonstrates additional information regarding average duration of safety training

course and validity of safety training qualifications. All safety training qualifications must be

documented for the records and individual certificates such as safety passes must be issued to the

inspectors.

Safety Training

Training for supervisory worker at

. Description Refresher Training
OUrses Duration
Company medical Medically approved by company doctor bl Every 36 months or
variable
examination when necessary
Every 24 months
First Aider First aid training 16 h
Refresher
Basic Training Basic Safety training on WTI, use of fall arrest
Training Fall Arrest PPE, emergency measures, rescue, 16 h Every 12 months
PPE/ Rescue PPE evacuation
. . Training in more specialised emergency
First Aid/Rescue 24 h Every 12 months
measures and rescue
Offshore BOSIET
Offshore safety course 24 h Every 36 months
Course
Helicopter
Training/Winch Helicopter safety training 8h Every 12 months
Training
SpeC|aI|'st/QuaI|f|ed Qualified to inspect fall arrest PPE and Every 12 months
PETEE vertical fixed rail fall arrest systems in 24 h
Refresher course
Fall arrest PPE the WTI
Basic training in rope assisted access Every 12 months
Rope Access - Level 1 q . | hni 5 days
and operational techniques Refresher course
Intermediate training in rope assisted Every 12 months
Rope Access - Level 2 q ) | techni 5 days
access and operational techniques Refresher course
Rope Access - Level 3 5 days Every 12 months
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Safety Training

. Description Refresher Training
OUrses Duration
heights for rope assisted access and Refresher course
operational techniques
Electrical Control Qualification to perform
Equipment 24 h Every 24 months

Qualification Course | electrical control operations

Person Qualified in Safety training for electrical
Electrics/Equipment- 8h Every 24 months
related Training operating rooms

Table 30 — Additional Information about Safety Qualification

3.6.5. Safety of WTG
It is of a great importance that wind turbine generator, offshore substation, onshore substation or Met-
Mast is in a safe state in order to perform inspections safely. Likewise if subsea inspections are to be
carried out by diving to ascertain the condition of transmission cable, it is paramount that such
inspections are only carried out when the weather conditions and the sea state (including wave heights,
currents, water temperatures) are conducive to safe under water inspections. Therefore the following
must be insured prior to commencing any inspection works on wind farm installations:

a. During the construction phase, the wind farm components must be installed accordance
with the manufacturer’s installation requirements and also in compliance with
recognized standards and applicable regulations to ensure safety.

b. The asset operator/owner is responsible for the operation and safety of wind farm
installations and therefore must take all precautions for safe inspection practices.

c. Any deviation from safe operation practices must be promptly reported to relevant
authorities to prevent major safety hazards to inspectors, workers and environment.
Therefore strict compliance with the safety and operating instructions (as outlined in the
operating manuals) of the WTG, OPS, Met-Mast or onshore substation component
manufacturers’ must be ensured.

d. All safety installations of the wind farm installations must at least comply with the local
safety legislation requirements.

e. All safety-relevant systems of the wind farm components must be fully operational.

All anchorage points for the use of fall arrest PPE must be inspected and identified
periodically.
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g. Installed fall arrest systems must comply with a local standard such as BS EN 353-

1:2002'*° in the UK and must be inspected on a regular basis in accordingly.
h. Wind turbine generator, offshore substation, onshore substation or Met-Mast must be
equipped with the necessary safety signs.
i.  Wind turbine generator, offshore substation, onshore substation or Met-Mast must be
eq